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Background: Mutations in the von Hip-
pel-Lindau (VHL) gene are common in
human clear cell kidney cancers. Car-

REPORTS

Mutations in the von HippeI—Lindau of age after 5 days of protein deprivation and the
(VHL) gene are frequently detected in hu_second injection at 12 weeks of age after 4 days of

. . rotein deprivation. After each NDMA injection, the
man renal cell carcinomas, especially of P : J i
rats were returned to a conventional pelleted diet

the (?lear cell typg1). Sporadic renal cell yith waterad libitum. The eight tumors were either
carcinomas are associated with tobacceetected by abdominal palpation or found at necrop-

smoking (2), and, of the Carcinogens in sy during the treatment periods of 79-109 weeks.

cigarette smoke. the nitrosamines espél_ematoxylin—eosin—stained sections were used for
! ' morphologic examination.

are kidney carcinogens in roden8). pNA Extraction and Polymerase
Previously, we and othe(g-6) have ex- chain Reaction (PCR)

amined the VHL gene in chemically in-
duced and spontaneous rat kidney tumorsOne to three 1gem paraffin sections were used
and cell lines; no mutations were detecteépr microdissection and neoplastic areas were

: : : : pooled for DNA extraction according to methodol-
in a variety of tumor h|stolog|c types. y described previousli#). Intron-derived primer

. . . . 0]
cinogens in cigarette smoke, especially However, none of these tumors resembleggtS (Ela: 5TCCGGAGGCGTCCGGTTC 5 -

nitrosamines, are known to induce kid-
ney tumors of a variety of histologic
types in rodents—but with no evidence
of VHL mutations; however, none of
these tumors resembled human clear
cell carcinomas. We examinedN-
nitrosodimethylamine-induced kidney
tumors of the clear or mixed clear/
granular cell type in Wistar rats to as-
sess the presence of VHL mutations.
Methods: Sections of eight clear or
mixed clear/granular cell kidney tu-
mors that had been formalin fixed and
paraffin embedded were microdis-
sected. DNA was extracted from the

histologically the clear cell carcinomasccGAGTTCACAGAGCGTAAAA-3: Elb: 5-
common in humans. GGCTCTGAAGAGATAGAGG-3/5'-

In this study, we examined the VHL TCAAAGTTGAGCCACAAAG-3'; Elc: 5-

ki v adAGCCCGCGCGTCGTGCT-35-GGCC-
gene in kidney tumors of clear or m|xedTAGCGCGCGTCTCG_3 E2a: B-CATCCTCT-

clear/granular cell type induced in pro-grrrGCATTGAC-3/5-AATAGGCTGTCCAT-
tein-deprived Wistar rats by intraperitone-caAACAT-3": E2b: 5-GGAACTGTTTGTGC-
al injection of NDMA. These tumors, CATC-3/5-CCCAAGGTCTTATTTCATAA-3;
although rare in animals, were histologE3a: 3-GAGCCTGCCTCAGAGGACTT-3/5'-

; . CTGACGATGTCCAGCCTCCT-3; E3b: 5-
ically similar to the common form of hu GCCTGGTCAAGCOTGAGAAGC.-3/5 -

man renal cell carcinomas. We thereforg cGacTcCTCTTGGGTCAG-3 E3c: 5-
hypothesized that these rat kidney tumors ccAAATGTGCGGAAAGACAT-3'/5'-
might present VHL mutations. CCATCAAGGCCGAAATTCAG-3) were selected
from previously reported intron sequen¢éyto am-
plify coding regions and exon-intron boundaries of
exons 1-3 of the rat VHL gene. The thermal cycling
profile for PCR was modified from a previous pro-

M ATERIALS AND METHODS

Archived Tissues

microdissected tissue, and exons 1-3 of 10 ors examined in this study representedPco! (4). In brief, PCR was performed as follows:

the rat VHL gene were examined by
use of polymerase chain reaction and
cycle sequencing techniquesResults:
Four VHL gene mutations (three G:C
to A:T and one A:T to G:C) were de-
tected in three of the tumors in contrast
to no mutations in 40 previously re-
ported rat kidney tumors of other
histologic types (three of eight tumors
versus none of 40; two-sided Fisher's
exact test; P = .003). Only tumors
showing prominent swollen clear cell
cytology with a signet-ring appearance
had VHL mutations. Conclusions:
To our knowledge, this is the first re-
port of VHL mutations in kidney tu-
mors after direct chemical exposure
and provides a possible molecular
pathway linking tobacco smoking to
kidney cancer. [J Natl Cancer Inst
1998;90:1720-3]
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archival materials, fixed in formalin and embedded*0 cycles of denaturation (94°C for 30 seconds),
in paraffin, from experiments conducted more tharNnealing (55°C, 50°C, 65°C, 50°C, 50°C, 60 °C,
10 years ago on renal tumor pathogenesis. The&® "C, and 55°C for 30 seconds for primers Ela,
early studies were based on a high incidence mod&1P: Elc, E2a, E2b, E3a, E3b, and E3c, respec-
of renal epithelial tumors using NDMA as the car-{iVely), and extension (72 °C for 1 minute) followed
cinogen, as previously describ€). In brief, prior by a final 5?m|nute extengon at 72°C. For primers
to an intraperitoneal injection of NDMA, female E1C, 5% dimethylsulfoxide was also included in
Crl: (W)BR Wistar rats (Charles River Laboratories,PCR reactions.

Wilmington, MA) were fed a powdered diet consist-
ing exclusively of glucose:sucrose (50:50) mixture
with 20% aqueous glucose solution as drinking wa-

ter for 3-5 days. This pretreatment of protein depri- Affiliations of authors:Y.—H._Shiao, L. M. Ande_r—
vation is known to reduce the liver's capacity toSON (Laboratory of Comparative Carcinogenesis), B.

metabolize NDMA, resulting in increased dose de-A' Diwan (Intramural Research Support Program,

livery to the kidneys(8,9). With this regimen, epi- Scienc_e Applif:ations Internati_onal Corpqration-
thelial tumors derived from the renal tubules can bé:redenck), National Cancer Institute-Frederick Ca_n-
induced in up to 90% of dosed rats. The tumors ar&®’ Researc_h and Devglopment Center, Frederick
mainly of the granular cell type, with only a low MD,CJ. M. Rice, Internatlor'la(IsAggncy fzr Resea}rch
percentage of clear cell or mixed clear/granular celf" I‘;cher’ (Ij_yc_m. Ii;arhce”, NY - Hard, American
type (about 10%). The eight clear or mixed clear)—|e£lt oun datlon, O?h?—la, S'h_ Ph.D. N
granular tumors (Table 1) selected for VHL muta- . orrespon ence_t In-rorng shiao, Fh.D., Na-
tion analysis were from female Wistar rats that hadlonal Cancer Institute-Frederick Cancer Research
received either one (tumors T1, T2, T5, T7, and T8)an,d Development Cent(_e.r, BI(_jg. 538, _Rm.‘205, Fred-
or two (tumors T3, T4, and T6) intraperitoneal in-e”Ck' MD 21702 (e-r_na|l. Shiao@mail.ncifcrf.gov).
jections of NDMA (30 mg/kg body weight). The See"Notes™ following “References.

first NDMA injection was administered at 10 weeks© Oxford University Press
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Table 1. Mutations of the von Hippel-Lindau gene Mnitrosodimethylamine-induced rat renal epithelial tumors*

Tumor Gene Codon Base change Amino acid Cell type Growth patterr

T1 — — — — Clear cells Solid

T2 — — — — Mixed, clear cells predominate Solid

T3 Intron 2 GTTGAT to GTTAAT Mixed, clear cells predominate Solid/papillary
Exon 3 165 CAG to CAA GInto GIn

T4 — — — — Mixed, granular cells predominate Solid/papillary

T5 — — — — Mixed, clear cells predominate Solid

T6 — — — — Mixed Solid

T7 Exon 1 20 ATAto GTA lle to Val Mixed Solid

T8 Exon 3 142 AGG to AAG Arg to Lys Mixed, clear cells predominate Solid

*GIn = glutamine; lle= isoleucine; Val= valine; Arg = arginine; and Lys= lysine.

DNA Sequencing Four mutations were detected in thredumor T3 had two mutations but tumor

_ Twenty microliters of PCR products was gel pu-tumors (T3, T7, and T8) (Table 1). NoT4 from the same animal did not have any
rified in a 6% or 10% polyacrylamide gel (Novex, hase changes were observed in adjacedétectable mutations.

stiﬂ gclJe?r?\h (;?;r:;gz;‘:ng:::gt'ztcﬁo"r"zzggf?:;ﬂon—neopIastic tissues (data not shown). When tumor histology was considered,
10 hours at 50 °C. Gel pieces were then removed b?f the mutations detected, two were misa striking concordance was observed be-

a 0.22um spin column (Millipore, Bedford, MA). Sense, one was silent, and one was irtween tumor phenotype and VHL geno-
DNA was precipitated by two volumes of absolutetronic. The intron mutation was located atype. Statistical analysis showed that
ethanol. A one-third volume of purified product wasthe fourth position from the 'Send of the VHL mutations were significantly associ-

used for DNA sequencing. The same primer setgy ;i in g qonor site. G:C to A:T transitionsated with rat kidney tumors of clear or
used for PCR were also used for DNA sequencing,

which was performed by the dideoxynudeotidepredominated (three of four mutations)mixed clear/granular cell phenotype in
method with a Sequenase Cycle Sequencing Kit

(#US79750; Amersham Life Science, Inc., Arling-
ton Heights, IL) and®**P-labeled dideoxyribonu-
cleoside triphosphates. The sequencing reactid
products were resolved in a 7M urea/6% poly-
acrylamide gel. After electrophoresis, the gel wa
dried in a gel dryer (model 583; Bio-Rad Laborato-
ries, Richmond, CA) and exposed to Kodak XAR-5
x-ray film (Eastman Kodak Co., New Haven, CT)
for 1-3 days at room temperature. Mutations weré¢
confirmed by sequencing the same or complemer
tary DNA strand from a second independent PCH
product.

=]

Statistical Analysis

The two-sided Fisher's exact test was used t
compare the frequency of VHL mutations, if de-
tected, among tumors that differed in histologic fea
tures.

REsuLTS

The rat clear or mixed clear/granulai
cell kidney tumors showed primarily a
solid growth pattern, with regions of pap-
illary growth in two tumors (T3 and T4)
from the same animal (Table 1, Fig. 1)
Clear cells were cytologically pleomor-
phic and intermingled with granular cells.
Neoplastic areas were characterized b
abundant blood vessels and hemorrhag
Cysts were readily detected in tumors T3,
T4, T7, and T8. This histology was not
observed in other tumors. Infiltration of
inflammatory cells was not common in

most tumors except for the T1 tumor.— _ _ _ — ) —
Sporadically distributed inflammatory Flg 1: Histology of N-nltrosod|methy|am|ng-|ndu_ced renal cell tumors (ht_ematoxylln—eosm. original mag

- nification x300). Tumors T1 and T5 contain typical clear cells characterized by a polygonal contour wi
and stromal cells were V,ery l,'m'ted andclear cytoplasm and eccentric nuclei. Clear cells in tumors T3 (right-center), T7, and T8 appear to be swc
usually less than 5% of microdissected arang often have a signet-ring cytology. In a selected area, tumor T3 also shows a papillary growth pat
eas. (left-center, x150 magnification).
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comparison to other phenotypes previsequence (accession number Ul4748&)wollen clear cell phenotype is intriguing.
ously reported4,5) (three of eight tumors from GenBank. The 3sequence from It is possible that this cytology reflects a
versus none of 4® = .003). In a subset TGA is 5-GATTACTGGT-3, one base phenotypic impact of the VHL mutations,
of tumors, the three with VHL mutations (T) less than the reported &ATTAC- leading to the swollen clear cells with

(T3, T7, and T8) shared a unique histol-TTGGT-3 (data not shown). sporadic signet-ring cytology; the cellular
ogy characterized by the presence of ap- changes underlying this phenotype re-
parently swollen clear cells with nuclei DiISCUSSION main to be discovered.

pushed against the cell membrane, often The swollen clear cell phenotype has

giving a signet-ring cell phenotype (Fig. Predominant G:C to A:T mutations inbeen also described as vacuolation in pre-
1). No VHL mutations were detected inthese tumors are consistent with a previvious reports of NDMA-induced rat kid-
the remaining five tumors, in which theous report(10) of a persistence oD% ney tumors(18,19). The cytoplasmic
swollen clear cell phenotype was absennethylguanine, which often results in Gcomposition of the swollen clear cells is
or negligible. The association betweerto A base changéll) in NDMA-treated unknown. Their occurrence appears not to
VHL mutation and the swollen clear cellrat kidneys. The other mutation, A:T toassociate with necrosis-related degenera
phenotype was also statistically signifi-G:C transition, has also been reported ition. Accumulation of lipid is suggested
cant (three of three tumors versus none aftherin vivo systems after treatment withbecause a similar signet-ring morphology
five; P = .02). NDMA (12).In human sporadic renal cell has been described in lipoma of rat kidney
DNA sequencing data showed only ecarcinomas, 30%—70% of base substitu:3). However, there was no evidence that
mutant allele in tumors T7 and T8 (i.e.,tion mutations in VHL are G:C to A:T or the swollen clear cells originated from
wild-type alleles were absent), althoughA:T to G:C transitiong13-16).Our find- adipocytes. In previous studies, renal ep-
both clear and granular cells were presenihgs are consistent with a possible role ofthelial tumors induced by NDMA have
(Fig. 2). Tumor T3 presented both mutanNDMA, a carcinogen detected in tobaccdeen demonstrated histologically and ul-
and wild-type bands in DNA sequencingsmoke(17), in induction of VHL muta- trastructurally to be derived from renal
analysis. This tumor had a papillarytions and causation of renal tumors. Irproximal tubules(20-22)as are human
growth pattern in some areas, in contrastontrast, VHL frameshift mutations, renal cell carcinomas of mixed clear/
to a uniform solid growth pattern in tu- which occur frequently in human sporadiogranular cell cytology(23—26). This ob-
mors T7 and T8. renal cell carcinomas (>50% of VHL mu- servation suggests that the swollen cells
Sequencing analysis of the Wistar ratations) (13—-16), were not observed in are a subset of clear cells with morpho-
VHL gene also detected a possible gethese NDMA-induced rat renal epitheliallogically distinctive cytoplasmic contents.
netic polymorphism consisting of deletiontumors. The rat model may be useful foin humans, the majority of renal carci-
of the seventh base following the stopdiscerning the types of chemical insultsnoma cells contain glycogen, lipid, and/or
codon (TGA) in comparison to a VHL that lead to these changes. vacuoles of unknown type in variable pro-
Of the VHL mutations found in our rat portions (23). Accordingly, human and
kidney tumors, codon 142 is conserved iNDMA-induced rat renal epithelial tu-
the human gene, whereas codons 20 amdors appear to have a similar pathogen-
165 are different. These codons do nogsis.
ACGT correspond exactly to those mutations re- The finding of only a mutant allele in
ported in the human VHL gene thus fartumors T7 and T8 is striking. This finding
(13-16)but are in immediate proximity. suggests that the cell population of these
However, VHL mutations in both humantumors was uniform with respect to VHL
-G and rat kidney tumors share a similarity inmutation and probably had undergone
that mutations tend to distribute throughloss of heterozygosity (LOH). For tumor
= out exons 1-3. Additional functional T3, detection of both mutant and wild-
study of these mutations may clarify thetype alleles may relate to the coexistence
role of VHL in kidney tumorigenesis.  of swollen clear cells and lesions with
Previously, we and othe(d—6)exam- papillary growth pattern in this tumor. It
ined many rat kidney tumors covering ais known that VHL is not mutated in the
—— wide spectrum of histology as well as celhuman counterpart of papillary kidney
oy lines. These tumors included 23 renal epeancer(13,16).Alternatively, the mecha-
= -\g*-" ithelial tumors of granular cell type, 10 nism of tumorigenesis in tumor T3 in the
T = 3 nephroblastomas, and seven renal mesepresence of both mutant and wild-type al-
- chymal tumors. DNA screening analysedeles may involve inactivation of VHL ex-
- = - for the three exons of the VHL gene didpression from the wild-type allele by
not reveal any mutations in these tumordDNA methylation. As a result, the mu-
Fig. 2. DNA sequencing analyses showing von Hip-The finding of VHL mutations only in rat tated VHL protein may escape from dom-
pel-Lindau gene mutations in tumors T3, T7, andiqney tumors with clear cell phenotypeinant-negative suppression by the wild-
T8. Wild-type sequences are shown directly adja: . . . .
cent to the sequencing ladders and individual” the purrent study is consistent with retype VHL protein. _
nucleotide changes (mutations) are indicated by us@Orts in humang(1). Furthermore, the It has been suggested that coexistence
of arrows. concordance of VHL mutations with theof the clear and granular cells may be a
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result of interconversion between the two Tobacco use. Int J Cancer 1995;60:(16) Kenck C, Wilhelm M, Bugert P, Staehler G,

cell types by shifts in intermediary me- 194-8. ' vaacs G. Mqtation qf the VHL gene is asso-

tabolism(27) The current observation of 3) ngd GC. Pathology of tumours in laboratory ciated gxcluswely with the _development of
. ’ . A animals. Tumours of the rat. Tumours of the non-papillary renal cell carcinomas. J Pathol

uniform VHL mutations in NDMA- kidney, renal pelvis and ureter. IARC Sci Publ 1996;179:157-61.

induced mixed clear/granular cell tumors  1990:301-44. (17) Rhoades JW, Johnson DR:dimethylnitrosa-

(T7 and T8) supports the rationale that(4) Shiao YH, Diwan BA, Perantoni AO, Calvert mine in tobacco smoke condensate. Nature

mixed cytology represents different RJ, Zbar B, Lerman MI, et al. Polymerase 1972;236:307-8.
. hai ion—single- f ion(18) M PN, B M. | i f ki
stages of tumor morphogeneSIS. chain reaction-single-strand conformation(18) Magee , Barnes J nduction of kidney

. polymorphism analysis for the VHL gene in tumours in the rat with dimethylnitrosamine

More than 90% of clear cell carcino- chemically induced kidney tumors of rats using ~ (N-nitrosodimethylamine). J Pathol Bacteriol
mas in humans showed LOH of the region  intron-derived primers. Mol Carcinog 1997;19: 1962;84:19-31.

of chromosome 3p, in which VHL is lo- 230-5. (19) Brummer C, Rabes HM. Morphology and pro-

cated, but only 30%—-60% had VHL mu- (5) Kikuchi Y, Kobayashi E, Nishizawa M, Hama- liferation kinetics of early tumor stages in-

. s e e zaki S, Okada S, Hino O. Cloning of the rat duced by dimethylnitrosamine in rat kidneys.
tations(1). This finding indicates that loss homologue of the von HippeI-Lingdau tumor Virchowys Arch yB Cell Pathol 1992;6%/:
of one VHL allele or other gene(s) at the suppressor gene and its non-somatic mutation ~ 133-42.
same chromosomal locus may also con- in rat renal cell carcinomas. Jpn J Cancer Re€20) Hard GC, Butler WH. Morphogenesis of epi-
tribute to renal carcinogenesis. LOH 1995;86:905-9. thelial neoplasms induced in the rat kidney by
analysis was not performed in our study(e) Wzlallker C AhndYT, IEveritt ‘]i Ytﬁan X._ l?jenal (;Ln;gtrgggitrosamine. Cancer Res 1971;31:
: cell carcinoma development in the rat indepen- —505.
_becaus_e_o_f lack of polymorph_lc markers dent of alterations at the VHL gene locus. Mol (21) Hard GC, Butler WH. Ultrastructural aspects
in the vicinity of the VHL gene in outbred Carcinog 1996;15:154—61. of renal adenocarcinoma induced in the rat by
Wistar rats. However, we did find a pos- (7) Hard GC. High frequency, single-dose model  dimethylnitrosamine. Cancer Res 1971;31:
sible polymorphic site within the noncod- of renal adenoma/carcinoma induction using 366-72.
ing region of exon 3. The lack of one d!methylnlt_roig8mllln5e1|84C;rl:5(()W)BR rats. Car- (22) Hr_—.lrd GC, Magk?y R!_, T‘OChhéfirt:])S. Electron
- . . S cinogenesis ;5! —50. microscopic determination of the sequence
thymidine (T) in Wistar rats is different (8) Swann PF, McLean AE. Cellular injury and of acute tubular and vascular injury induced in
from the reported VHL sequence (Gen- carcinogenesis. The effect of a protein-free  the rat kidney by a carcinogenic dose of di-
Bank accession number U14746), which  high-carbohydrate diet on the metabolism of ~ methylnitrosamine. Lab Invest 1984;50:
is obtained from the BRL-8 complemen- dimethylnitrosamine in the rat. Biochem J 659-72.

tary DNA clone of Buffalo rat origin but 1971;124:283-8. (23) Ericsson JL, Seljelid R, Orrenius S. Compara-
identical to the sequence from Long (9) Swann PF, Kaufman DG, Magee PN, Mace R. tive light and electron microscopic observa-

; N Induction of kidney tumours by a single dose tions of the cytoplasmic matrix in renal carci-
Evans ratg5). In a previous sequencing of dimethylnitrosamine: dose response and in-  nomas. Virchows Arch Pathol Anat Physiol

~

analysis, we also observed a base differ- fluence of diet and benzafpyrene pretreat- Klin Med 1966;341:204-23.

ence at the 10th position upstream from  ment. Br J Cancer 1980;41:285-94. (24) Wachsmuth ED, Stoye JP. A classification of

the 3 end of intron 1 between Fischer 344(10) Nicoll JW, Swann PF, Pegg AE. Effect of di- tumor development based on an analysis of en-
methylnitrosamine on persistence of methylat- zymes in tissue sections of hypernephroid

and ang Evans rat_$4)' If these poly ed guanines in rat liver and kidney DNA. Na- carcinoma in man. Beitr Pathol 1976;159:

morphisms are confirmed, they may be e 1975:254:261-2. 229-48.

useful for determination of LOH in hybrid (11) Singer B.N-nitroso alkylating agents: forma- (25) Holthofer H, Miettinen A, Paasivuo R, Lehto

animails. tion and persistence of alkyl derivatives in VP, Linder E, Alfthan O, et al. Cellular origin

In summary, we examined the VHL mammalian nucleic acids as contributing fac- and differentiation of renal carcinomas. A fluo-
gene in NDMA'-induced renal epithelial tors in carcinogenesis. J Natl Cancer Inst 1979; rescence microscopic study with kidney-

. 62:1329-39. specific antibodies, antiintermediate filament
tumors In a r?-t model and have foundiz) Horsfall MJ, Zeilmaker MJ, Mohn GR, Glick- antibodies, and lectins. Lab Invest 1983;49:
VHL mutated in a tumor type of clear or man BW. Mutational specificities of environ- 317-26.

mixed clear/granular cells, histologically mental carcinogens in the lacl gene B$ch- (26) Kageyama Y, Sasaki S, Yamamura Y, Oshima
similar to those occurring in humans. Eur- erichia coli. Il: a host-mediated approach to H, lkawa Y. Water channel protein subtype
N-nitrosoN,N-dimethylamine and endogenous suggests the origin of renal cell carcinoma. J

thermore, the association of VHL muta- mutagenesign vivo. Mol Carcinog 1989;2: Urol 1996;156:291-5.

tion with the unique swollen clear cell 107-15. (27) Bannasch P. Carcinogen-induced cellular the-
phenotype provides a novel opportunity13) Gnarra JR, Tory K, Weng Y, Schmidt L, Wei saurismoses and neoplastic cell transfor-
for study of the cellular effects of VHL MH, Li H, et al. Mutations of the VHL tumour mation. Recent Results Cancer Res 1974;44:
during renal tumorigenesis. suppressor gene in renal carcinoma. Nat Genet ~ 115-26.

1994;7:85-90.
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Well-Done Meat Intake and breast cancer. [J Natl Cancer Inst important to obtain information on the de-
the Risk of Breast Cancer 1998;90:1724-9] gree of meat doneness to estimate levels
of heterocyclic amine exposu(8,20,21).

Wei Zheng, Deborah R. Gustafson, High consumption of meat has beer]NO epidemiologic study of diet and breast

Rashmi Sinha. James R. Cerhan. feported to be associated with an incancer has incorporated this information

: - creased risk of breast cancer in some epit0 the exposure assessment. To evaluat

Derek Moore, Ching-Ping Hong, demiologic studieg1), including several pthe role of well-done meat intake as a risk

Kristin E. Anderson, Lawrence H. g e 1c1ng factor for breast cancer, we conducted a

Kushi, Th A S Il A Rlarge cohort studieg2-4). Dietary fat has ted, case—control t dy of cases of
ushi, thomas A. Sellers, Aaron Ryyng peen suspected to be responsible fQFESed, case- study S€s

Folsom the meat—breast cancer association. Thg€ast cancer occurring during the period
hypothesis, however, has not been supro™ 1992 through 1994 among partici-

ported by most prospective cohort studiegants in the lowa Women's Health Study.

(5). Accumulating evidence from recentSygiecTts AND M ETHODS

animal studies and some human studies

has implicated heterocyclic amines in thdowa Women'’s Health Study

pathogenesis of breast can¢6r7). Detailed descriptions of this cohort study have
Heterocyclic amines are a group ofbeen published elsewhe(@2-24). Briefly, 41 836

mutagenic compounds identified inlowa women, aged 55-69 years, who completed a

cooked foods, particularly in We”_donemailed questionnaire in January 1986, have been

- followed for mortality and for cancer incidence. The
meats and fist(7-9). These compounds follow-up was accomplished through computer link-

are formed as p¥r0|y3i3 products of aminQyge of study participants with lowa death certificate
acids and proteins and are some of thtes, the National Death Index, and cancer diagnosis
most potent mutagens detected by use dfta collected by the lowa State Health Registry,
the Ames tes(8-10).In animal studies part of the Surveillance, Epidemiology, and End Re-
heterocyclic amines have been ShOWﬂl tsults (SEER) Progratnof the National Cancer In-
period from 1992 through 1994 and a : Yy . Qtitute. The self-administered questionnaire used in
q le of ¢ hort Increase the occurrence of various tUmorsse 1986 baseline survey included information on
random Ssample of cancer-iree conort jnclyding those of the mammary glandsiiet and other major risk factors for cancer. Diet was
members to obtain information on (10-12).Oral administration of 2-amino- assessed by use of a semiquantitative food-
usual intake of meats and on meat 1-methyl-6-phenylimidazo[4pyridine frequency questionnaire almost identical to that used

i i . .in the 1984 Nurses’ Health Studg5). Usual intake
preparation practices. Color photo- (pp|p), the most abundant carcinogenig, (e o Py (‘g )t
hs showing various doneness levels i na i _specilied portions o 000 llems was ascer-
grap heterocyclic amine in cooked meats, hagined, and nutrient intake was estimated by use of

of hamburger, beefsteak, and bacon peen shown to induce mammary tumorge nutrient database developed for the Nurses’
were included. Multivariate analysis in rats(12,13)in a dose—response mannertealth Study. Because no information was collected

was performed on data from 273 case Furthermore, PhIP-induced mammar?t th_e baseline survey on usual intake of meats by
cooking method and usual doneness levels of meat,

subjects and 657 control subjects who carcinomas eXhI_blt an unus_ually hlgh _fre'a case—control study with a supplementary survey
completed the survey Results:A dose— quency of guanine to adenine transitiongas conducted during the period from 1995 through
response relationship was found be- at the second base of codon 12 of th@996 in a subset of cohort members.
tween doneness levels of meat con-Ha-ras oncogene in F344 rgfsl), an un-
sumed and breast cancer risk. The usual type of mutation observed in tumor
adjusted odds ratios (ORs) for very induced by other mammary carcinogens, Eligible case subjects for this study included all
well-done meat versus rare or medium- such asN-methylN-nitrosourea(11), cohort members who had breast cancer diagnosec
done meat were 1.54 (95% confidence strongly suggesting that heterocyclic 9 the period from 1992 through 1994 ¢
interval [CI] = 0.96-2.47) for ham- amines are potent mammary carcinogens.
burger, 2.21 (95% CI = 1.30-3.77) for D_esp_ite eviden_ce from animal studies pxiizions of authors:w. Zheng, D. R. Gustaf-
beef steak, and 1.64 (95% CI = 0.92— andin vitro experimentg6-14),the po- son, D. Moore, C.-P. Hong, K. E. Anderson, L. H.
2.93) for bacon. Women who consumed tential role of heterocyclic amines as aushi, T. A. Sellers, A. R. Folsom, Division of Epi-
these three meats consistently very well risk factor for human breast cancer hagemiology, University of Minnesota School of Pub-
done had a 4.62 times higher risk (95% not been appropriately investigated. Epil¢ Health, Minneapolis; R. Sinha, Department of
Cl = 1.36-15.70) than that of women demiologic studies have attempted tc(g‘r’mcer.Ep'demIOIOgy and Genetics, National Can-
. er Institute, Bethesda, MD; J. R. Cerhan, Depart-

who consumed the meats rare or me- measure the association between hetergent of Preventive Medicine and Environmental
dium done. Risk of breast cancer was cyclic amines and risk of breast canceriealth, University of lowa College of Medicine,
also elevated with increasing intake of using dietary questionnaires that includéowa City.
well-done to very well-done meatCon- consumption levels of fried or broiled Correspondence toWei Zheng, M.D., Ph.D.,
clusions: Consumption of well-done meats as surrogate measures of heteroqtf(r-"vers'ty of South Carolina School of Public

) . ealth, South Carolina Cancer Center, 15 Richland
meats and, thus, exposures to heterocy- clic amine exposurg15-19). However, edical Park, # 301, Columbia, SC 29203 (e-mail:
clic amines (or other compounds) formed because the levels of heterocyclic amine®/ei.zheng@rmh.edu).
during high-temperature cooking may in foods depend, to a large extent, on the See"Notes” following “References.”

play an important role in the risk of duration and temperature of cooking, it iSo Oxford University Press

Background: Heterocyclic amines, mu-
tagens formed in meats cooked at high
temperatures, have been demonstrated
as mammary carcinogens in animals.
We conducted a nested, case—control
study among 41836 cohort members of
the lowa Women’s Health Study to
evaluate the potential role of heterocy-
clic amines and intake of well-done
meat in the risk for human breast can-
cer. Methods: A questionnaire was
mailed to individuals in the cohort who
had breast cancer diagnosed during the

SCase—ControI Study of Breast Cancer
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453). A control sample of 900 women was randomlycancer risk(29). Unconditional logistic regression sent reasonably well the eligible subject
selected from 27186 cohort members who wersvas used to control for potential confounders, asgohort in the distribution of major factors
alive and free of cancer on January 1, 1992, andessed mostly at the baseline survey, and to deri\i%r breast cancer

participated in the 1992 follow-up survey. Of theseadjusted ORs and 95% confidence intervals (Cls). . ; .
900 women, 24 were excluded from the controbDietary intakes were adjusted for total energy intake 11€ Mmedian intake levels of major
group because they were later found either to haveta reduce potential variation that may have arisefineat categories by case—control status ar
breast cancer diagnosis during the period from 199%om overreporting or underreporting of food intake.presented in Table 2. Total meat intake
through 1994 (n= 3) or to have been selected to Trend tests for dose-response relationships acrogsgg higher among breast cancer case sub
participate in other lowa Women'’s Health Study andevels of each dietary variable were performed by . .
cillary projects (n= 21) (eligible control subjects, n treating ordinal-score variables (with values of 1, Z,Je_CtS than among control SUbJeCtS' _ThIS
— 876). The three breast cancer patients were ir8, . . .) as continuous variables in logistic regressiordifference was apparently due to a higher
cluded in the case group. ReportedP values (two-sided) were frong® tests intake of red meats (17.7% case—control

Al eligible subjects were asked to complete a(for categorical variables), Wilcoxon rank-sum testdifference) but not white meats (2.1% dif-
self-admirllistﬁrzd fzod-fre(?]uenq; questionnair((edomfor continuousd vlariables)l, and age-ad(jjusted Iineaference). Because heterocyclic amines are
meat intake habits during the “reference” year (de-regression models using log-transferred data. . . . -
fined below). This gquestionnaire, which was devel- Meats were categorized by type (red versus whiteéorr,ned primarily in fried, grilled, and
oped on the basis of a questionnaire provided by Dand preparation method to facilitate statistical analyProiled meats and human exposure to het:
Sinha for the use of in-person intervieW@6—28), ses. The “all meat” category included all 15 meatserocyclic amines is primarily through in-
included questions on usual intake and preparatiolisted in the questionnaire. The “red meat” categorytake of meats prepared by these three
of 15 meats. The meats are hamburgers or cheesecluded hamburgers, cheeseburgers, beefsteal@ooking methods, these meats were com-
burgers; beefsteaks; pork chops; bacon; breakfapbrk chops, bacon, breakfast sausage links, breaFfI ed into one aroup for data analvsis
sausage links; breakfast sausage patties; other sdast sausage patties, other sausages, bratwurst, an(!’1 g P : ySIS.
sages that are cooked before eating; bratwurst; hbibt dogs or franks. The “white meat” group in- | N€re was an 18.8%%(= .06) difference
dogs or franks; chicken or turkey breast, thighs, legssluded chicken or turkey breast; chicken or turkeyin the median intake of fried, grilled, and
or wings; fish (including fried fish sandwiches, thighs, legs, or wings; and fish. Individual meats andoroiled red meats between case subject:
tuna); venison; game poultry; and smoked meats anmuieat groupings were further classified by prepara(26'5 g/day) and control subjects (22.3
fish. For each meat item, intake according to thd@ion method. Fried, grilled, and broiled red meats /da ) Case subiects also consumed mor:
following cooking methods was assessed: grilled oreferred to the preparation methods of the aforemerg’1 Y)- | A .
barbecued, fried, oven broiled, and prepared in otheioned red meat category. Intake in grams was est€d meats prepared in other ways than did
ways, as well as from “fast food,” if applicable. In mated for each food item included in the questioncontrol subjects (20.9% differenc®, =
addition, participants reported their usual preferenceaire. Thus, analyses using meat groups were bas_eyﬁ), but intake of these meats was low,
for level of meat doneness by use of a series of colasn the summation of the individual gram weights Ofaccounting for less than 15% of total red
photographs that represented increasing levels tfie meats consumed in each category. A donene: .
doneness of hamburger (four photographs), beescore was also calculated to describe the eating preﬁﬁeats consumed. C(_)mpared with C(_)ntml
steak (four photographs), and bacon (three photarences of participants on the basis of their reSUDJECtS, case subjects had a slightly
graphs). Photographs were labeled only with numsponses to the color photographs. Doneness levels Bigher intake of fried, grilled, and broiled
ber and represented a range of doneness levels framre or medium, well done, and very well done wereyhite meats (7.6%) but a lower intake of
extremely rare to very well done. Information re-given scores of 1, 2, and 3, respectively. The donthite meats prepared by other cooking
lated to the doneness level of other 12 food item#&ess score was defined as the sum of the doneneﬁ?ethods (-5.6%). These case—control dif-
was not obtained in this study. preferences for each of the three meat photographs. ’ ) . .

To minimize the potential effect of a breast cancefFor example, a person who reported usually contl€l€NCces were not statistically significant.
diagnosis on dietary intake, we obtained informatiorsuming rare or medium-done hamburger, beefsteakntake of smoked meats and fish was low,
for case subjects on usual dietary habits 1 year bend bacon received a score of 3, whereas a persgind no apparent association with risk of
fore cancer diagnosis. Because breast cancer cageporting usual intake of all three meats as very welbreast cancer was observed. Thealues
were diagnosed during the period from 1992 througldone received a score of 9. . . .
1994 and dietary assessment was conducted during fro_m age-adjusted linear regression models
the period from 1995 through 1996, three referencRESULTS using natural log-transformed data were
years (1991, 1992, and 1993), corresponding to the similar to those obtained from the Wil-
years immediately before breast cancer diagnosis, The distributions of demographic andcoxon rank-sum tests.
‘é‘iﬁzl'svee’:gf':gévgng 'r”a:;‘;;?;tirn"t'ogtfr‘:; ((’:fotr*:‘jrisk factors from the baseline survey con- To evaluate the potential dose—
sponding groups with approximately equal samp|9UCt?d.'” 1986. are shown in Table 1 foresponse relatlonghlp between I’ISk' of
sizes to obtain their dietary habits during these thre@ll eligible subjects (left three columns)breast cancer and intake levels of various
reference years. A list of national and internationaBnd for those who completed the supplemeats, case subjects and control subject
events that occurred during the reference year wamientary questionnaire (right three colwere categorized into four groups for
E’égg:ffhdei'r”e:;;gq‘:]zzti't‘;”g:::gttohzze)'/zarr’amc'pam%mns). Among study participants, a fam-each meat variable listed in Table 2, ac-

Two hundred seventy-three (60.3%) of selecte ly history of breast cancer, use c_)fcor_dmg to the quartile distribution of the
case subjects and 657 (75.0%) of the control subjecf30rmone replacement therapy, and waistrariable among controls; ORs for the up-
participated. The major reasons for nonparticipatiot0-hip ratio were positively associatedper three quartiles were estimated, as
were refusal (29.1% of case subjects and 18.7% afith risk of breast canceiP&.05). There- compared with the lowest quartile. There
control subjects), inability to locate (4.9% of casefore g|| analyses were adjusted for theseas a statistically significant positive as-

subjects and 3.8% of control subjects), and deathariables No apparent association witlsociation between intake of red meat and
before contacting (5.7% of case subjects and 2.5‘% : PP

of control subjects). other variables, including dietary fat andrisk of breast cancer for trend, .02),
total energy intake, was observed amongith a 78% elevated risk observed for the
Statistical Analysis study participants. Similar findings werehighest versus the lowest intake quartile

observed from the analyses that includedroup (data not shown). High intake of
Odds ratios (ORs) were used to measure th@ll €ligible subjects selected for the studyfried, grilled, or broiled red meats and of
strength of the association between exposures argliggesting that study participants represther red meat preparations was associ:
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Table 1. Comparison of case subjects and control subjects among postmenopausal lowa women on selected demographic factors and
risk factors for breast cancer

All eligible subjects* Subjects who completed supplementary questionnaire*
Characteristics at baseline Case Control Case Control
survey conducted in 1986 (n = 453) (n = 876) Pt (n = 273) (n = 657) Pt
Demographic factors
Age (Y)* 62 (58, 65) 61 (58, 64.5) .04 61 (58, 65) 61 (58, 64) 12
Education, %
<High school 17.5 17.9 15.8 16.1
High school 40.4 42.7 .62 374 41.7 .39
>High school 42.1 39.4 46.9 42.2
Breast cancer risk factors
Nondietary risk factors
First-degree relative with breast cancer, % 16.5 9.3 <.01 17.2 10.4 <.01
Ever used hormone replacement therapy, %  43.2 37.9 .06 45.8 38.4 .04
Waist-to-hip ratiof 0.84 (0.78,0.91) 0.82 (0.78, 0.89) <.01 0.83(0.78, 0.90) 0.82(0.77,0.88) .0
Age at menarche, yF 13 (12, 14) 13 (12, 14) .92 13 (12, 14) 13 (12, 14) .66
Age at first live birth, y+ 22 (20, 25) 22 (20, 25) .49 20 (20, 25) 22 (20, 25) .94
Age at menopause, yf 50 (45, 52) 50 (45, 52) .69 50 (45, 52) 50 (45, 52) .79
Nutritional factors
Alcohol, g/day¥ 0(0,2.1) 0(0,2.3) A7 0(0,2.8) 0 (0, 2.6) .86
Total energy intake, kcal/day¥ 1755 (1358, 2179) 1693 (1366, 2086) .06 1726 (1345, 2157) 1696 (1400, 2085)
Total fat intake, g/day* 67 (49, 85) 64 (48, 81) .18 65 (49, 82) 64 (50, 81) .60
Total fruit/vegetable intake, servings/wki 4.2(3.1,5.7) 4.0(2.9,5.4) .04 4.2(3.1,5.8) 4.0 (3.0,5.5) 2

*All case and control subjects provided some dietary information in the lowa Women'’s Health Study baseline survey questionnaire. Becauseinno oriorme
usual intake of meats by cooking method and usual doneness level was collected in the baseline survey, a supplementary survey was conducteseaimiong
the lowa Women'’s Health Study participants.

1P values (two-sided) were from theé® tests (for categorical variables) or Wilcoxon rank-sum tests (for continuous variables).

FMedian (25th, 75th percentile) is presented.

Table 2. Comparison of the amount of different types of meat consumed by case subjects and  Information on doneness levels and in-

control subjects take levels of hamburger, beefsteak, and
bacon was combined to further classify
the exposure status of case subjects ant

Median (25th, 75th percentile), g/day

. I Case Szll%ects Control Zlégiects % dif . bt pi control subjects (Table 4). The risks of
ype of mea (n=273) (n = 657) o difference breast cancer were elevated with increas:
All meats 67.0(43.4,95.1)  62.3(42.2,91.8) 7.5 .36 .39ng doneness of meats in all intake
Red meats 35.9(20.7,57.7)  30.5(19.1,49.7) 17.7 .07 .@roups. As previously mentioned, a high

Fried, grilled, and broiled, combined 26.5(14.8,44.1) 22.3(12.8, 39.2) 18.8 .06 ihtake of red meat was related to an in-

Prepared in other ways 5.2(2.0,11.1) 4.3(1.6,9.5) 20.9 28 eased risk of breast cancer. but this

Fried red meat 11.9 (5.2,25.5)  10.6 (4.8, 22.0) 12.3 20 .ge€as Lo ' X

Grilled red meat 6.4(2.4,13.6)  5.4(2.0,116) 185 .16 .5POsitive association is less notable in

Broiled red meat 0.9(0,4.9) 0.7(0,4.0) 28.6 .76 .7tomparison with that for meat doneness
White meats 24.5(14.0,38.5) 24.0(14.2,41.5) 2.1 .84 3evel.

Chicken and turkey 16.1(9.5,27.1)  16.2(8.5,28.9) -0.6 81 .92

Fish 4.7(1.9,12.2) 7.1(1.9,12.2) -33.8 59 .68DISCUSSION

Fried, grilled, and broiled, combined  15.5(6.8,26.2)  14.4(7.3,27.7) 076 .76 .41

Prepared in other ways 5.1(1.3,14.2) 5.4 (1.1,13.7) -5.6 92 .70 To our kn0W|edge, this is one of the
Smoked meats and fish 0 (0,14) 0 (0,09 0 .86 .9most comprehensive epidemiologic stud-

ies to date to evaluate the hypothesis tha
the intake of well-done meat may be re-
lated to the risk of breast cancer. We
found that a preference for consuming
well-done meats was associated with an
ated with increased risk of breast canceif breast cancer is shown in Table 3. Therelevated risk of breast cancer in a dose-
but the trend tests were not statisticallyvas a clear, positive, dose-response ass@sponse manner. In contrast, high intake
significant. No apparent association wasiation between doneness levels of each aff dietary fat was not associated with risk
observed for other meat groups listed irthe three meats and risk of breast canceof breast cancer in the cohort of the lowa
Table 2. Women who usually consumed all three ofNomen’s Health Study22), and intake
Hamburger, beefsteak, and bacon adhese meats at a very well-done level had af red meat was only weakly associated
counted for more than 60% of red meat in4.62-fold elevated risk (95% C¥& 1.36— with the risk of breast cancer in this sub-
take in this study population. Information15.70) of breast cancer compared witltohort. These findings suggest that het-
on doneness preferences for these meatwse who usually ate these meats at a raezocyclic amines and possibly other com-
was obtained, and their association with riskor medium doneness level. pounds, such as polycyclic aromatic

*Expressed as (medign.s— median,,o/median nyors
TP values (two-sided) were from the Wilcoxon rank-sum tests.
1P values (two-sided) were from age-adjusted, linear regression models using log-transformed dat
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Table 3. Adjusted odds ratios (ORs) and 95% confidence intervals (Cls) for the association of breagf well-done meat and the risk of breast
cancer with doneness levels of selected meats

cancer. In a prospective cohort study in
Finland (15), a significant 80% increase

Multivariate L .
No. of No. of Age and energy adjustedt in risk of breast cancer was found for high
Doneness levels case subjects*  control subjects* adjusted OR OR (95% ClI) intake of fried meats, while intake of non-
Hamburger fried meat was not related to risk. High
Rare or medium¥ 123 345 1.00 1.00 intake of fried meat was also reported to
Well-done 90 195 1.26 1.23 (0.89-1.71) . ; ; )
Very well-done 34 62 1.54 1.54 (0.96-2.47) be POSItlvely assoma_lted with breaSt can
Trend test P=.03 P=.04 cer in a recently published hospital-based,
Beefsteak case—control studglg). In that study, a
Rare or mediumt 146 402 1.00 1.00 2.7-fold elevated risk (95% CE 1.61—
Well-done 74 161 127 1.22(0.87-1.72) 4 55) of breast cancer was observed
Very well-done 29 35 2.26 2.21(1.30-3.77) _° ) . .
Trend test P 01 P= 01 among women in the uppermost quartile
Bacon of fried meat intake, whereas intake of
Rare or mediumi 18 62 1.00 1.00 boiled meat was inversely related to
Y/Ve”'doqled ﬁg ;gé i-gg i-gi ((g-g—g-g% breast cancer risk. These studies sugges
ery well-done . . .92-2. -
Trend test p— o1 P— 02 that the risk of breast cancer may be more
closely related to meat-cooking methods
Doneness score§ .
3t 6 24 1.00 1.00 than to the level of meat intake per se. A
4 54 200 113 1.14 (0.44-2.94) positive relationship between intake of
5 71 155 1.89 1.90 (0.74-4.90) ¢, _
6 57 103 23 228 (0.87-5.95) fried meat and breast cancer was also re
7 31 80 159 1.56 (0.58-4.22) ported from several early case—control
8 13 18 3.04 2.89(0.91-9.19) studies(16-18). As with the two more
9 12 11 453 4.62 (1.36-15.70) ; ; _
Trend test P— 001 b = 001 recent studie$15,19),however, informa

*Numbers do not sum to 273 (case subjects) or 657 (control subjects) because of missing data.
tAdjusted for age, total energy intake, family history of breast cancer, hormone replacement therapydemeness and intake of grilled, barbecued,

waist-to-hip ratio.

FReference group.

8Doneness score was derived by adding the doneness levels (1, rare/medium; 2, well-done; and
well-done) of all three meats.

Table 4. Adjusted odds ratios (ORs) for the association of breast cancer with intake and doneness levels
of selected red meats*

Doneness levelst

tion on other measures of heterocyclic
amine exposures, such as degree of mee

or broiled meats, was usually not ob-

:}ta\ilged. Therefore, considerable misclassi-

ication in the assessment of heterocyclic
amine exposure may exist in these previ-
ous studies.

Tn contrast to the strong positive asso-
ciation of doneness levels of meat with
breast cancer, we found only a weak posi-
tive association for intake of fried, grilled,

Intake levels, Consistently well-done - aRe g
by tertile Rare/medium Mostly well-done or very well-done  and broiled meats. It is likely that an in-
) ) dividual’'s intake preference for meat
No. of case subjects/control subjects . .
) 1370 So/oa 271 doneness level is more consistent over
Intermediate 5/81 20/50 39/63 time than preference for cpokmg methpd,
High 20/73 31/50 42/76 especially when one considers all settings
Adjusted ORs (95% confidence interval) (e.g., restaurant or home) where a persor
Low 1.00 (referent) 2.03 (0.92-4.48) 257 (1.23-5.35) consumes food. Thus, recall of doneness
Intermediate 1.78 (0.84-3.77) 2.31 (1.04-5.13) 3.35(1.63-6.90) level may be more accurate than for
High 1.49 (0.68-3.27) 3.36 (1.58-7.16) 3.01(1.47-6.17) preparation type. It is also possible that

the use of photographs that representec
*Includes hamburgers, beefsteak, and bacon for which information on doneness levels of meat preparaﬁon P grap P "
was collected. various doneness levels of meats facili-

tDoneness levels: rare or medium, scores 3—4; mostly well-done, score 5; consistently well-done of@é@d the ascertainment of information for
well-done, scores 6-9. this set of variables. Alternatively, done-
fAdjusted for age, total energy intake, family history of breast cancer, hormone replacement therapyp akgs |evel may be a stronger predictor for
waist-to-hip ratio. cancer risk than intake levels of fried,
grilled, and broiled meat with all done-
hydrocarbons, formed during high-meat, has been repeatedly shown to heess levels combined. Indeed, it has beer
temperature cooking of animal foods mayelated to an increased risk of colorectathown that meats that have been fried,
be related to the risk of breast cancer. cancer(30,31).Although many epidemio- grilled, or broiled to “just until done”
Heterocyclic amine exposure, as meaogic studies have been conducted teontain very low levels of heterocyclic
sured indirectly in epidemiologic studiesevaluate dietary hypotheses for breasimines(21). Therefore, it is important in
by levels of fried-food intake and a pref-cancer, only a few of them have investi-epidemiologic studies to obtain informa-
erence for heavily browned (well-done)gated the relationship between the intakéon on the level of meat doneness in the
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assessment of heterocyclic amine expdhese enzymes with breast cancer risid2) Ito N, Hasegawa R, Sano S, Tamano S, Esumi

sure.

may help shed light on causal pathways

As with any epidemiologic study of for this common cancer. Therefore, future
diet and cancer, the measurement error iepidemiologic studies exploring the het-
assessing dietary intake may be a concegrocyclic amine-breast cancer hypothesigs) shirai T, Tamano S, Sano M, Masui T, Ha-
in this study, particularly because theshould focus on the improvement of ex-

guestionnaire used in this study was relgposure assessment of heterocyclic amines

tively new. By use of a similar question-and evaluate the potential effect of ge-
naire, well-done meat was found to in-netic variability in metabolic activities of

crease the risk of colorectal adenomas inthese enzymes in the association of het-
recent study(32), providing some assur- erocyclic amine exposure and breast can-

ance to the validity of this questionnaire.cer
Furthermore, there is no reason to specu-

risk.
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NoTes made by use of prevalence ratios and

tion and ovarian cancer risk but do not
support the hypothesis that this asso-
ciation is due to an increased risk of
p53 mutation with a greater number of
ovulatory cycles. [J Natl Cancer Inst
1998;90:1729-34]

There is evidence that the repeated
process of ovulation plays a role in the
development of ovarian cancer—the “in-
cessant ovulation” theorgl). This theory
is supported by epidemiologic data show-
ing that factors that suppress ovulation are
consistently associated with reduced risks
of ovarian cancef2). The mechanism that

increase the risk of p53 gene (also Underlies this process is, however, un-

clear. The most frequently observed mo-
lecular alteration in ovarian tumors is mu-
tation of the p53 (also known as TP53)
tumor-suppressor gene, which leads to
production of abnormal p53 protein that
has an extended half-life and thus accu-
mulates in the cells. Mutation and/or ac-
cumulation of p53 have been reported in
about 50% of ovarian cance(8). A ma-
jority of these p53 mutations have been
shown to be transition$4), the type of
mutation that arises most commonly as a
result of spontaneous errors in DNA syn-
thesis during cell proliferatiorf5). Ovu-
lation is associated with damage and re-
pair of the ovarian epithelium, and it has
“been suggested that these periods of in:
creased epithelial cell proliferation could
increase the risk of p53 mutati@é). Mu-
tations would, therefore, be expected to

jects. Case-case comparisons Weréqccyr more commonly in women who had

undergone a greater number of ovulatory

iEditor's note: SEER is a set of geographically 95% confidence intervals (Cls), and cycles, leading to the development of an
defined, population-based central tumor registries icase—control comparisons were made etiologically distinct subgroup of p53-
the United States, operated by local nonprofit orgapy yse of odds ratios (ORs) and 95% positive tumors in these women.

nizations under contract to the National Cancer In et : . .
stitute (NCI). Each registry annually submits itsCIS' All statistical tests were two-sided. Data to support this hypothesis have

cases to the NCI on a computer tape. These conResults: There was no association be- come from a recent repo() that accu-
puter tapes are then edited by the NCI and maddveen p53 accumulation and years of myjation of mutant p53 in epithelial ovar-

available for analysis. ovulation. Women with p53-positive
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an increasing number of ovulatory cycles1178 eligible control subjects, 855 (73%) were in-monthly calendar, completed by the interviewer, to

Compared with women who had under_terviewed. record salient events in a woman'’s life from ages 15
to 50 years, including age at menarche, menstrual
gone fewer ovulatory cycles, women WhoData Collection and Analysis cycle length, parity, history of breast feeding, meno-

had undergone moderate or high numbers pausal status, history of hysterectomy or tubal liga-

of ovulatory cycles were significantly All case and control subjects had been intertion, and use of the oral contraceptive pill and hor-

more likely to have a p53-positive tumorviewed by trained interviewers using standard techmone replacement therapy. We calculated a
with odds ratios (ORs) of 7.7 (95% Con_hiql:es(TO)f. S(;)ciod_emograplhti)c (ijnformatipr;, inc(léj'(\:i/l-l woman’s photefntial ovulatory life by sub_tra(;]ting age

. . . ing level of education, usual body mass index ,at menarche from age at menopause in the case o
fidence interval [CI]_ 1'6_373) and 7.8 kg/m?), and family history of cancer, was obtainedpostmenopausal women (or age at diagnosis or age
(95% CI = 1.3-47.6), respectively. AS @ well as detailed reproductive and contraceptivat interview for premenopausal case subjects and
result, in case—control analyses, an inhistories. These data were collected by use of aontrol subjects, respectively). We also subtracted
creasing number of ovulations was a

strong risk factor for p53-positive cancer Table 1. Comparison of case subjects with and without material available for p53

but was not related to p53-negative can- immunohistochemical analysis
cer. It has been suggested, however, that : : : :
the fact that the women with p53-positive Case subjects with  Case subjects without
i material available material available

cancers were older than those with p53- (n = 234) (n = 443) P*
negative cancers could potentially explain __
the observed association between p53 and Personal characteristics
the number of ovulatory cycle). The Mean (standard deviation) age at diagnosis, y 57.7 (11.7) 57.7 (12.3) .97
original authors have since shown thatMean (standard deviation) age at menarche, y 13.6 (5.8) 13.1(1.6) 2
when p53-positive case subjects were ageean (standard deviation) y of ovulation 29.2(9.1) 28.6 (9.1) 4
matched to control subjects, the associasducated beyond high school, % 47.8 38.0 .01
tion between number of ovulations andysual body mass index, %
p53-positive cancer was strengther{éyl <20.44 kg/n# /i 13.0 12.6 9

o o - | 20.44-22.31 kg 20.9 19.6
It is still p053|ble, however, that the AP 5535 2501 kg/fh 296 26.9
parent difference between p53-positive 2522_28.80 kg/m 20.0 22.0
and p53-negative case subjects could be>28.80 kg/nt 16.5 18.9
due to confounding, perhaps by age.  Postmenopausal, % 67.4 67.5 .98

The possibility of a link between re- Duration of oral contraceptive pill use, %
peated ovulation, p53 mutation, and the NZ?XEF igg ?31; 3

. . . . < mo . .
Qevelopment of ovarian cancer |s_|ntr|gq— 24-59 mo 96 116
ing. We have, therefore, further investi- 60-119 mo 14.4 11.1
gated the association between ovulation, =120 mo 5.7 9.4
p53, and ovarian cancer, utilizing datatysterectomy, % 13.3 15.6 4
from a subset of women with invasive ep-Ever used HRT,T % 29.9 23.3 .06
ithelial ovarian cancer who took part in agver breast-fed, % 68.4 61.4 .07
large case—control study of ovarian cancesarity, %
in Australia. 0 21.8 20.8 7
1 12.4 14.2
SUBJECTS AND METHODS 2 26.9 30.5
3 18.8 18.7
. 4 10.7 8.4

Study Population =5 94 75

Case subjects were women with histologicallyEver smoked, % 37.2 415 3

confirmed invasive epithelial ovarian cancer and
control women who had participated in a large case— .
control study(10). For the original study, case sub- HiStology.+ No. (%)

Tumor characteristics

. ) . Serous 144 (61.5) 225 (51.0) .005
jects, aged 18-79 years, who were diagnosed during Endometrioid or clear cell 47 (20.1) 111 (25.2)
the period 1991 through 1992 and who were regis- \1\cinous 14 (6.0)' 39 (8.8)'
tered in the major gynecology—oncology treatment (ngifferentiated 10 (4.3) 44 (10.0)
centers in the three most populous Australian states Mixed histology 19 (8.1) 22 (5.0)
(i.e., New South Wales, Victoria, and Queensland)
. ; tage§
were ascertained. In Queensland, case subjects E'I 40 (17.1) 89 (20.1) 002
agnosed during August to December 1990 and | 18 (7.7) 41 (9.3)
throughout 1993 were also included. Of 915 eligible ) 131 (56.0) 180 (40.6)
case subjects, 824 (90%) were interviewed; of those IV 15 (6.4) 32(7.2)
interviewed, 677 (82% of interviewed subjects, 74% Unknown 30 (12.8) 101 (22.8)

of all ascertained case subjects) had invasive cancer?
and thus were eligible for inclusion in this study. *Two-sidedP values from Student'stest for continuous variables and test for categorical variables.
Control subjects were chosen at random from the THRT = hormone replacement therapy.

electoral roll (enrolliment to vote is compulsory in  fInformation on histologic type was missing for two case subjects who did not have material available
Australia) to give an age and geographic distributiorpp53 immunohistochemistry.

similar to that expected for the case subjects. Of §Seereferenceg(13).
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periods of time when a woman was not ovulatingaccumulation of the protein in the cell. Therefore, ifjects without material available with re-
because she was using the oral contraceptive pilinore than 10% of cells on a slide stained positively forspect to their age at diagnosis, years of
pregnant (full-term and aborted pregnancies), op53, the tumor was classified as p53 positjve ovulation age at menarche. usual body
amenorrheic for some other reason (including peri- . !
ods of breast-feeding). We divided the number ofStatistical Analysis mass index, menopausal status, use of th
months of ovulation by the woman’s menstrual oral contraceptive pill, parity, smoking, or
cycle length in months to calculate her total number Case—case comparisons were made by the calchistory of hysterectomy (Table 1)_ There
of ovulations, and we then divided this total by 13,lation of the ratio of the prevalence of p53 accumuyyare minor differences between the
the average number of menstrual cycles per year, fation among case subjects at each level of the ex- . o
create the variable “ovulation years.” planatory variable relative to the prevalence in thed"OUPS Wlth_ respect to their hIStory_ of
referent category. Prevalence ratios (PRs) and 9s@reast-feeding (68.4% of case subjects
Immunohistochemistry Cls for different strata of a given variable were cal-with tissue available versus 61.4% of case
culated using PROC PHREG in SA$2), adjusting  subjects with no tissue available had
Paraffin sections (4m) were dewaxed and rehy- for age grogpdqnd histologic type of CanCthby use obreast_fedP = 07) and use of hormone
drated to distilled water through descending grade@ Separate indicator term to represent each category.
alcohols, then transferred tog Tris-buffereg gsalineASSOCiations with p53 accumulation were evaluateayeplz:c_ement therapy (29'9% Versus
(TBS; 0.05M Tris in 0.15M NaCl) at pH 7.4. The With the use of Student'stest for continuous vari- 2_3-3.@1 P = .06). The only.statlstlcally
sections were subjected to microwave antigen reables and tests for categorical variables. For case-significant difference was with respect to
trieval in 0.01M citric acid (pH 6.0) as described by control analyses, results are presented as ORRe proportion of women who had re-
Shi et al.(11). Endogenous peroxidase activity wasand 95% Cls calculated with the use of PROCeejyeqd an education beyond high school
quenched by incubation of the sections in 0.3%4-OGISTIC in SAS to adjust for age group, meno—£47 8% versus 38.09% = .01)

H,0, and 0.1% sodium azide in TBS for 10 minutes.Pausal status, and parity. For all analyses, the refe
A?te? being thoroughly washed in TBS, the sectiongnt category was defined as the unexposed or lowest A total of 152 (65.0%) of the 234 tu-

were immersed in 4% commercial non-fat skim milkgroup. For education level, exposure was defined a@ors stained positively for p53 protein.

powder in TBS for 15 minutes to inhibit nonspecific & lack of higher education; for menopausal statusThe proportion of tumors with different

antibody binding, after which they were transferred?0stmenopausal women were considered exposeffiso|ogies that stained positively varied
idifi i Al statistical tests were two-sided. . .

to a humidified chamber and covered with 10% nor substantially, however, being 69.4%

mal (nonimmune) goat serum for 30 minutes. Ex- amona serous cancers and 72.3% amont
cess serum was decanted from the sections, and tRESULTS 9 o : :
primary monoclonal antibody (murine anti-p53, endometrioid or clear cell cancers but
clone DO7; Novocastra Laboratories, Ltd., New- Of the 677 women with invasive ovar-only 36.8%, 42.9%, and 50.0% among
castle-upon-Tyne, U.K.) diluted 1:100 in TBS wasjgn cancer who participated in the originamixed histology, mucinous, and undiffer-

applied. The sections were incubated with primany. o se_contro| study, material was availablentiated tumors, respectively (Table 2).
antibody overnight at room temperature. After this . . . L
and subsequent incubations, the sections wedi@M 234 (35%) for p53 immunohisto- There was little variation by stage of tu-

washed thoroughly in three changes of TBS for shemical analysis. Availability varied mor (13), although the small group of
minutes each, the first wash containing 0.5% Tritorsubstantially by state; material was availstage IV tumors (13 of 15) was slightly
>§-100 to reduce_nonspecific antiony binding. Secaple from 51% of 262 case subjects frommore Iikely to stain positively for p53
gﬁ”ts l’i"zr.et.t:elnt'”dc“battednftc.’rm?’o m”?r“‘ﬁs :V'thl |[;:e'QueensIand, from 34% of 191 case subthan the group of stage |, Il, and IIl tu-
lins ?Zyn:(éé L aboratores. e, San ;ran;’is‘;g,"cf\;ects from New South Wales, and frommors combined (119 of 189) (86.7% ver-
and then with prediluted streptavidin-horseradisi.6% of 224 case subjects from Victoriasus 63.0%P = .06).

peroxidase conjugate (Zymed Laboratories, Inc.) fo(P<.0001). Availability also varied de- Table 3 shows the association between
15 minutes. Antigenic sites were revealed by incupending on the histology and stage of th@53 protein accumulation and a range of
Ezg‘z’ig"?g it:eTégcsv?tTfég Oé?jfjbif;?em'zgér tumors (Table 1). sociodemographic and reproductive vari-
being washed in gently rfmning tap water, the Case subjects with material availableables. Results are expressed as the pel
sections were counterstained with hematoxylindid not differ significantly from case sub- centage of tumors in each group that

dehydrated through graded alcohols, cleared in xy-
lene, and mounted with DePeX (BDH Laboratory
Supplies, Poole, U.K.). Sections of human breast
cancers previously demonstrated to stain positively
for p53 were run with each batch of immunohisto-

Table 2. Number and percent of tumors positive for p53 by characteristics of the ovarian tumors fron
case subjects with material available

p53-positive tumors

chemical staining to act as positive controls. As Total No. of X2
negative controls, serial sections of each tumor were case subjects No. % (two-sidedP)
stained as described above, omitting the primary an-;
tibody. Histology
By use of the same methodology, a random Serous - 144 100 69.4 13.0
. T Endometrioid or clear cell 47 34 72.3 (.01)
sample of 25 specimens was also stained for \, cinous 14 6 42.9
p53 accumulation using another primary anti- ndifferentiated 10 5 50.0
body, clone PAb1801 (Dako Australia, Sydney, Mixed histology 19 7 36.8
Australia). Stage*

One histopathologist (M. C. Cummings) scored the | 40 24 60.0 3.8
immunohistochemical staining. Note was made of the || 18 12 66.7 (.4)
proportion of positive tumor cells (0%, 1%-10%, || 131 83 63.4
11%-25%, 26%-50%, 51%—75%, or 76%—100%) IV 15 13 86.7
present on each slide. Wild-type p53 protein has a very Unknown 30 20 66.7

short half-life and is thus rarely detected in normaf
tissues. Mutation of the p53 gene produces an abnor- *In stages | and Il, the tumors are localized to the peritoneum, whereas in stages Ill and 1V, the tum
mal p53 protein with an extended half-life leading toare metastaticSeereference(13).
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Table 3. Number and percent of ovarian tumors positive for p53 stratified by characteristics of the[referent]' 1.04 [0_56_1.92], 0.99 [0‘53_
women, with adjusted prevalence ratios and 95% confidence intervals 1.88], and 0.97 [0.42—2.25], respectively).

Case—control comparisons showed that

Total No.  p53-positive 95% . , "
ofcase @ —————  Prevalence confidence case subjects with both p53-positive and
Characteristic subjects* No. % ratiot interval p53_negative tumors had undergone more
Age group, y ovulatory cycles than control subjects
<45 33 18 54.5 1.0 Referent (Table 4). However, the association was, if
45-54 59 40 678 1.12 0.63-1.98 ; ; ;
EE 64 29 46 667 114 0.65-2.01 anything, _sllghtly stronger for p53-negative
=65 73 48 65.8 1.16 0.67-2.03 case subjects. When premenopausal an
Age at menarche, y postmenopausal women were considerec
<12 30 18 60.0 1.0 Referent separately, the association between numbe
12-13 106 68  64.2 1.06 0.63-1.79 ;
of ovulatory cycles and ovarian cancer was
=14 96 65  67.7 112 0.66-1.91 rycy
Educated bevond hiah school stronger for premenopausal women.

Ve ed Peyond gh sehoo 11 76 685 10 Referent The prevalence of p53-positive tumors
No 121 74 612 0.90 0.64-1.27 did not vary significantly with any of the
Family history of ovarian cancer other variables studied (Table 3), al-
No 225 145 644 1.0 Referent though p53 positivity was slightly more

Yes 9 7 7718 1.12 0.73-1.71
_ common among women who were older
Usual body mass index, kgfm at menarche, who had breast-fed, who hac
<20.44 30 18 60.0 1.0 Referent .
20.44-22.31 48 30 625 0.98 0.54-1.77the greatest number of children, and who
22.32-25.21 68 44 647 1.00 0.57-1.74had taken the oral contraceptive pill the
25.22-28.80 46 32 696 1.08 0.60-1.95|9ngest. These are all variables that would
>28.80 38 25 658 1.07 0.58-1.97 ongest. 1h .
" | stat reduce their total number of ovulations.
enopausal status
Premenopausal 66 38 57.6 1.0 Referent\/\{omen age_d less than 45 years .V_Vere
Postmenopausal 168 114 679 1.27 0.70-2.3slightly less likely to have a p53-positive
Duration of oral contraceptive pill use, mo tumor; as a result, women with p53-
Never 126 83 659 1.0 Referent positive tumors were, on average, 1.8
<24 35 25 714 1.14 0.72-1.81 ; i}
2459 2 12  ©as 0.86 0.46-1.61 YEArs older than women with p53
60-119 33 19 57.6 0.90 0.53-1.52 hegative tumors (58.3 years versus 56.5
=120 13 11 84.6 1.35 0.70-2.59 years;P = _3)_ Tumors that were p53
Ever breast-fed positive were no more common in women
No 74 42 56.8 1.0 Referent i i i i
with a family history of ovarian cancer
Yes 160 110  68.8 1.24 0.86-1.78 . y y
. than in other women.
Parity
0 51 32 62.7 1.0 Referent
1 29 18 621 1.00 0.56-1.78 DISCUSSION
2 63 43 683 1.12 0.70-1.78
3 44 29 659 1.15 0.69-1.91 ' o
2 o5 13 520 082 0.43-1.56 These_ results_ confirm an assoua_tlon
=5 22 17 77.3 1.16 0.64-2.11 between increasing numbers of ovulations
Ovulation, y and ovarian cancer, but they do not sup-
<23 58 36 621 1.0 Referent port the hypothesis that incessant ovula-
23-29.9 61 41 672 1.02 0.64-1.62 y; ;
30-349 s 37 73 P 0.60_1 63 tion leads to p53 mutatlon.and hence to
=35 60 38 63.3 1.00 0.60-1.65 cancer. The overall association between
Ever smoked number of ovulations and cancer risk is
No 147 94 640 1.0 Referent consistent with the results reported by
ves 87 58 667 1.04 0.74-1.45 gehjldkraut et al(7) for p53-positive can-

cer, with the lower ORs in the present
study reflecting the greater proportion of
postmenopausal women in the study
group(2). The lack of an association be-
stained positively for p53, together withpoints as those used by Schildkraut et atween p53 accumulation and the number
PRs and 95% Cls. There was no sugge$?) (=234, 235-375, 376-533, and >533f ovulations is, however, contrary to the
tion that p53-positive tumors were moreovulatory cycles, equivalent t&18, 18.1— results previously reported by Schildkraut
common in women who had undergone&8.8, 28.9-41, and >41 ovulation years) reet al. (7), and several possible explana-
more ovulatory cycles. Women with p53-sulted in groups of very unequal sizes betions for this difference were explored.
positive tumors had undergone an averageause of the older age of the women in our It is likely that there is some misclas-
of 29.3 years of ovulation compared withstudy. With the use of these cut pointssification of tumors with respect to their
29.0 years among women with p53-however, there was still no association bep53 status. In particular, not all p53 mu-
negative tumorsK = .8). Reclassification tween the number of ovulatory cycles andations will lead to the accumulation of a
of the women by use of the same cup53 status (adjusted PR [95% CH 1.0 mutant p53 gene product, and these mu-

*Totals may vary because of missing data.
TAdjusted for age group and histology of tumor.
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Table 4. Comparison of case subjects with invasive ovarian cancer and control subjects with respeatl@ar cell cancers were more likely to be
numbers of ovulation years p53 positive than in the study by Schild-
kraut et al. (72.3% versus 48.6%). There

No. of No. of Odds 95% confidence =
Ovulation years case subjects control subjects ratio* interval was no association between p53 accumu:
All invasi lation and number of ovulations among
invasive tumors . .
<23y 172 348 1.0 Referent  any of the main subtypes in our study.
23-29.9y 175 210 157 1.17-2.12  None of these differences between the
30-34.9y 155 161 1.74 1.25-2.42 ; )
35y 175 136 217 154305 stu_dy popu_latlons could, therefore, ex
. plain the different results from the two
pS53-positive tumors .
<23y 36 348 1.0 Referent  Studies. _
23299y 41 210 1.70 1.00-2.88 A further difference between the two
30-34.9y 37 161 2.25 1.14-3.58 gy dies was the adjustment made for cycle
=35y 38 136 2.03 1.25-4.05 . :
53 ive 1 length in the calculation of number of
P eray o - 248 10 Referent  OVUIAtions in our study. The data were
23-299y 20 210 1.70 0.83-3.49 reanalyzed excluding this adjustment, but
303—534-9 y 2128 11??61 22-6?5 fff_;gf this exclusion had no effect on the results.
= |
y ' ’ ' It has been suggested that the strong
Premenopausal women A i
<23y 96 219 10 Referent  &SSociation between the number qf ovula
23-299y 60 67 1.93 1.20-3.09 tory cycles and p53 accumulation re-
30-34.9y 26 15 3.56 1.66-7.63 ported by Schildkraut et a(7) might be
=35y 2t 8 521 208-130  ayplained by the fact that their p53-
Postmenopausal women it i .
23y 26 129 10 Referent positive case subjects were, on average, :
23299y 115 143 1.08 0.88-188 Years older than the p53-negative case
30-34.9y 129 146 1.39 0.95-2.04 subjects(8). In our study, p53-positive
=35y 154 128 1.86 1.26-2.73  case subjects were, on average, 1.8 year

Ider than the p53-negative case subjects
f p53-positive case subjects had under-
gone more ovulations simply because
they were older, this confounding could
tations would not be detected by immu-234 case subjects included in our studyotentially have created a spurious asso-
nohistochemical analysis. For our study tdvad serous cancers and 47 (20.1%) hadation between p53 accumulation and the
show no association between the numbemdometrioid or clear cell cancers comnumber of ovulations, but it could not
of ovulatory cycles and p53 in the prespared with only 44% serous cancers antlave masked a real association in this
ence of a true association as strong as tha?% endometrioid or clear cell cancers irstudy. Furthermore, the lack of an asso-
reported by Schildkraut et &7), the p53 the study by Schildkraut et al. Our studyciation in our study does not simply rep-
staining would have to be essentially rangroup included 92 women aged less tharesent a lack of statistical power to detect
dom. The antibody used for the p53 im-55 years, the maximum age included ira significant difference between women
munohistochemical analysis in our studythe study by Schildkraut et al. The mearwith p53-positive and p53-negative can-
(clone DO7) was not the same as thaage of these women (45.9 years; standakrs. The relative risks of p53-positive
used by Schildkraut et al. (clonedeviation= 6.7) was identical to that in versus p53-negative cancer associatec
PAb1801). However when 25 sampleghe study by Schildkraut et al. (45.9 yearswith increasing years of ovulation, as es-
were selected at random and retested tstandard deviatior= 7.5). Restricting the timated by the PRs, are all 1.0 with 95%
use of the antibody clone PAb1801, 24 ofinalyses to these women had no effect o@ls from 0.6 to 1.6. This observation ef-
them (96%; 10 p53-negative and 14 p53the results of our study, with PRs of 1.2fectively rules out the possibility that the
positive) were classified identically with for women with 23.0-29.9 years of ovu-real differences could have been as grea
the use of the two antibodies. This resultation, 1.0 for those with 30.0-34.9 yearsas those reported by Schildkraut et(@l),
indicates that there are no major differ-of ovulation, and 1.0 for those with 35who observed a fourfold higher preva-
ences between the two staining methodgears or more years of ovulation comdence of p53-positive tumors (associated
and this degree of misclassification couldpared with women with fewer than 23with adjusted ORs of 7.7-7.8) among
not explain the complete lack of associayears of ovulation. Similarly, when pre-women who had undergone greater num-
tion in our study. menopausal and postmenopausal caders of ovulations.

There were also differences betweesubjects were considered separately, there Finally, tissue blocks were available
the women included in the two studieswas no association between p53 accumder only one third of the eligible case sub-
The women in our study were, on averdation and number of ovulations in eitherjects from the original study, and their
age, about 12 years older than those in thgroup. The percentage of serous canceewvailability varied by state and by cell
study reported by Schildkraut et dI7); that were p53 positive was similar in thetype and stage of cancer. There was no
therefore, a greater proportion of thewo studies (69.4% in our study versudifference in the prevalence of p53-
women in our study were postmeno-64.0% in the study by Schildkraut et al.);positive cancers in the different states, so
pausal. In addition, 144 (61.5%) of thehowever, in our study, endometrioid andvariation in availability by state is un-

*Odds ratios were adjusted for age group (<45, 45-54, 55-64 z&lyears), menopausal status, an
parity.
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likely to have biased the results. The proet al.(7) might have been an artifact, pos- (8) Risch HA. Re: Relationship between lifetime

portion of tumors that stained positivelysibly resulting from the age difference be- ~ ©vulatory cycles and overexpression of mutant
. . . . . p53 in epithelial ovarian cancer [letter]. J Natl

for p53 did vary across cancers of differtween their p53-positive and p53-negative - """ 6078917267

ent cell types, and variation in availability case subjects as has been sugge@por (g schildkraut JM, Bastos E, Halabi S, Berchuck

by type of cancer could, therefore, havepossibly resulting from some other un-  A.Re: Relationship between lifetime ovulatory

affected the overall prevalence of p53identified confounder. cycles and overexpression of mutant pS3 in
positive tumors within the study 9rOUP. REFERENCES epithelial ovarian cancer [authors’ response]. J

, . . Natl Inst 1997;89:1727.
The women with material available for atl Cancer Inst 199789

ini i ; 1) Fathalla MF. Incessant ovulation—a factor in(10) Purdie D, Green A, Bain C, Siskind V, Ward
p53 staining did not, however, differ @ ovarian neoplasia? Lancet 1971:2:163 B, Hacker N, et al. Reproductive and other fac-
markedly from those from whom tissue (2) Whittemore AS, Harris R, Itnyre J. Character-  ors and risk of epithelial ovarian cancer: an
blocks were not available with respect to jsics relating to ovarian cancer risk: collabo- ~ Australian case—control study. Survey of
any of the sociodemographic or reproduc-  rative analysis of 12 US case-control studies. ~ Women's Health Study Group. Int J Cancer

. . . s . o : 1995;62:678-84.
tive variables studied. Although it is pos- IV. The pathogenesis of epithelial ovarian can- o ) )
sible that there could be some other un- ¢&" Collaborative Ovarian Cancer Group. Am(11) Shi SR, Key ME, Kalra KL. Antigen retrieval

- © e ) J Epidemiol 1992:136:1212—20. in formalin-fixed, paraffin—embeglded tisst_Jes:
measured differences, it is unlikely that (3) Whittemore AS, McGuire V. Ovulation, p53 an enhancement method for immunohisto-
these could be so great as to completely * mutations, and ovarian cancer—a causal link? ~ chemical staining based on microwave oven
mask a true association as strong as that [editorial]. J Natl Cancer Inst 1997;89: hﬁaﬁng of tissue sections. J Histochem Cyto-
reported by Schildkraut et 7). 906-7. ; (12) Eezm.].l?dldzggﬁé_gr. relative risk for cross-

The increased risk of ovarian cancer ® E?hlgvz\g;if h'/ol\?\;ll’(sc‘]lz’k\e/\_lssgsagﬁg\t J(;CZ?S sectional data? [letter]. Int J Epidemiol 1994;

observed in our study in all women who Spectrum of mutation and frequency of allelic 23:201-3. _

had undergone the greatest numbers of geletion of the p53 gene in ovarian cancer. J13) Pettersson F, editor. Annual report on gyneco-
ovulations is consistent with the hypoth-  Natl Cancer Inst 1993;85:1513-9. logic cancer of FIGO. Vol 20. Stockholm: Pan-
esis that incessant ovulation is associateds) Jones PA, Buckley JD, Henderson BE, Ross ~ 0'ama Press; 1985.

with the development of ovarian cancer.  RK. Pike MC. From gene to carcinogen: arap-N o tgg

0 Its d t h t th idly evolving field in molecular epidemiology.
ur results do not, however, suppor € Cancer Res 1991;51:3617-20. We gratefully acknowledge the work of Peter Par-

suggestion that this association is due tqe) Godwin AK, Testa JR, Hamilton TC. The bi- sons and Ying Dong who carried out some of the
an increased risk of p53 mutation in  ology of ovarian cancer development. Cancep53 immunohistochemical analysis and Tanya
women who have undergone greater num- 1993;71(2 Suppl):530-6. Coombs who traced and collected the tissue blocks.
bers of ovulatory cycles. Rather, they (@) schlld_kraut JIM, Bgstps E, Berchuck A. Rela-We al_so thank the pathologists who provided this
. LT o tionship between lifetime ovulatory cycles andmaterial, and we thank all of the women who agreed
raise the pOSSIbIlIty thaF the association overexpression of mutant p53 in epithelialto participate in the study.
between p53 accumulation and the nUM-  gyarian cancer. J Natl Cancer Inst 1997;89: Manuscript received March 12, 1998; revised
ber of ovulations observed by Schildkraut  932-8. September 16, 1998; accepted September 21, 1998
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Characterization of that of MRP and cMOAT. MOAT-C  may also be involved in the hepatobiliary
MOAT-C and MOAT-D transcripts are widely expressed in hu- excretion of anticancer agents.
’ man tissues; however, MOAT-D tran- The important functions of MRP and
New Members of the ] script expression is more restricted. cMOAT led us to attempt the isolation of
MRP/cMOAT Subfamily of The MOAT-C and MOAT-D genes are  other related transporters. Using a degen-
Transporter Proteins located at chromosomes 3g27 and erate polymerase chain reaction (PCR)
17q21.3, respectivelyConclusions:On  approach, we previously isolated MOAT-
Martin G. Belinsky, Lisa J. Bain, the basis of amino acid identity and B, an MRP/cMOAT-related transporter
Binaifer B. Balsara, Joseph R. protein topology, the MRP/cMOAT  (15)- Analyses of expressed sequence tag
Testa, Gary D. Kruh transporter subfamily falls into two (EST) database sequences in our labora
’ groups; the first group consists of tory (Belinsky MG, Kruh GD: unpub-
MRP, cMOAT, and MOAT-D, and the lished data) and in other laboratories
Background: Multidrug resistance- second group consists of MOAT-B and (12,16) suggest that additional human
associated protein (MRP) and canalic- MOAT-C. [J Natl Cancer Inst 1998;90: MRP-related transporters may exist, but
ular multispecific organic anion trans- 1735-41] their full-length coding sequences have
porter (c(MOAT) are transporter not been reported. _
proteins that pump organic anions Cellular resistance is a major obstacl? The purpose of this study was 1o iso-
across cellular membranes and have to the successful use of anticancer chemdate 1€ complementary DNAs (CDNAs)
been linked to resistance to cytotoxic therapeutic agents. Studies of cell Iine%’f two additional MRP/CMOAT subfam-
drugs. We previously identified selectedn vitro for resistance to natural Y members, MOA.T'C gnd MOAT'D’.
MOAT-B, an MRP/cMOAT-related product drugs suggest that at least twca)md to compare thlelrpredmtegi amino aqd
transporter, by use of a polymerase transporters of the adenosine triphosphatsee,?,[uence.St’h ttcr)rpo ng'etﬁ’ En exprsfssmr
chain reaction approach. However, (ATP)-binding cassette (ABC) family ﬁar:emmsb\g:s MIgISDec?MOZTngrvmvdnl\;uOA?rr-n_
analysis of expressed sequence tagrepresent important components of th Y This con; arisc;n hel s7to define the
(EST) databases indicated that there cellular drug resistance machinery. P'M.RPICMOATpsubfamilypwith regard to
might be additional MRP/cMOAT-  glycoprotein (Pgp), the first transporter . . o
related transporters. To further define  shown to confer natural product drug re_protel_n structure and tissue-specific. ex-
the MRP/cMOAT subfamily of trans-  sistance, functions as an ATP—dependeﬁtreSSlon'
porters, we used EST probes to isolate pump that transports diverse lipophilicM ATERIALS AND M ETHODS
complementary DNAs for two related drugs across the plasma membrgig.
transporter proteins, MOAT-C and The second transporter, multidrug resistsolation of cDNAs of MOAT-C
MOAT-D. Methods: MOAT-C and tance-associated protein (MRP), also corand MOAT-D
MOAT-D expression patterns in hu- fers resistance to natural product drugs y;oaT-c cDNA clones were isolated from bac-
man tissues were determined by RNA (2-4). Although Pgp and MRP confer teriophage libraries prepared from human ovarian
blot analysis, and chromosomal local- similar resistance phenotyp€s-7),their cancer cell line A2780 and human leukemia cell line
ization of the genes was determined by structures and substrate specificities ar@-60 by plaque hybridization, with the use of
fluorescencein situ hybridization. Re- distinct. MRP shares only 23% amino'(lnlt\ngrgteEd) C'\gr?s'ircﬂuﬁrcészlgli';e ‘ﬂﬁ&ngg‘tﬁz
sults:MOAT-C is predicted to encode a  acid identity with Pgp and, in contrast tOjjtia probe (17). The 5 end of the MOAT-C-
1437-amino-acid protein that, among Pgp, is capable of transporting organic ancoding sequence was obtained by rapid amplifica-
eukaryotic transporters, is most closely ions such as glutathiorf®@conjugate8). tion of cDNA ends (RACE) by use of a Marathon
related to MRP, cMOAT, and More recently, isolation of canalicular ©PNA amplification kit (Clontech Laboratories, Inc.,
MOAT-B (about 36% identity). How-  multispecific organic anion transporter(F:j‘:;r’i ;;tsénccéz ;’:ﬂiES“B'AAOZ?‘??SN&OSO;Z‘QTQ
ever, MOAT-C is less related to MRP  (cMOAT), a liver-specific MRP-related jsojated from bacteriophage libraries prepared from
and cMOAT than MRP and cMOAT transporter, was reportg8—11).GenetiC human liver and monocytes by use of the I.M.A.G.E
are to each other (about 48% identity). and biochemical studies of rat strains thatonsortium cDNA clone 208097 as the initial probe.
Like MOAT-B, MOAT-C lacks an N- are deficient in cMOAT indicate that Nucleotide sequence analysis was performed with an
terminal membrane-spanning domain, cMOAT is also an organic anion trans-g_:"?’r'nslzj va,i\tli? tizq‘:‘;gci;’ tigdsizqu”::;f:r V;?g:,:;
indicating that the topology of this pro-  porter (10,11). Overexpression of the ene codes Corp., Ann Arbor, M),
tein is similarly distinct from that of cMOAT transcript has been described in Pprotein sequence was predicted by use of the Wis-
MRP and cMOAT. MOAT-D is pre- cisplatin-resistant cell line$9,12), and consin Genetics Computer Group Package version
dicted to encode a 1527-amino-acid transfection of an antisense cMOAT con-
protein that is the closest known rela- struct was reported to confer enhanced
tive of MRP (about 58% identity). sensitivity to cytotoxic drug¢l3). In ad- , _
MOAT-D is also highly related to dition, a cMOAT-deficient rat was re- enéi?rei%r%liﬁ?ggs geztrirh PS'Edelﬁrhg’ PA
CMOAT (about 47% identity). The ported to exhibit reduced biliary clearanceoy chase Cancer Center, 7701 Burholme Ave.,
presence of an N-terminal membrane- of methotrexat€14). These observations Philadelphia, PA 19111.
spanning domain indicates that the to- suggest that cMOAT may confer resis- See“Notes” following “References.”
pology of MOAT-D is quite similar to tance to some cytotoxic drugs and that i® Oxford University Press
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9.1 (Madison, WI). To generate hydrophobicity cant similarity to MRP and cMOAT. The six helices in each of two membrane-
plots, we used the Kyte-Doolittle algorithm with afirst clone (1.M.A.G.E. consortium clone spanning domains. T&i6 + 6configura-
ivégiivr‘:czf Zﬁgﬁ;;iiduﬁz I;’ege?he;a;i%”&'gocicn'q_13196) was 1.2 kilobases (kb) in lengthtion is in agreement with topological
mand (gap weight 3.0; length weight 0.1). Trans:300 base pairs (bp) of which encoded amodels proposed for several other ABC
membrane-spanning segments, which are approxMRP-related peptide. A segment of clondransporterg23,24)and is shown in Fig.
mately 20-amino-acid stretches of nonpolar113196 was used as a probe to screen bak; A. Alternative predictions of trans-
residues, were assigned by inspection and with thgarjgphage libraries. The resulting cONAmembrane segments were obtained with
g_ss'stance of the TMAP progra(@8). Nucleotide- oo contained 2 kb of additional cod+the use of different program parameters or
inding folds, which are approximately 150- to 170-, . . . .
amino-acid hydrophilic domains characterized byNd sequence and 1 kb of additional 3input alignments. Comparison of the hy-
the presence of Walker A (GXXG/AXGKS/T) and untranslated sequence. An additional 1.dropathy profiles of MOAT-C with other
Walker B (b,D, where is a hydrophobic residue) kb of 5’ sequence was obtained by RACEMRP/cMOAT-related transporters (Fig.
motifs, and the signature C sequence (LSGGQ) dfje|ding a total of about 5.9 kb of cDNA. 2, A) indicated that its structure is similar
';%i:;igfs %f;wl(lr?g\’,vv‘r"egdcezgf;i‘;;?tig'_ngsec 'gC_NucIeotide. sequence analysis revealed do that of MOAT-B. Like MOAT-B,
cession numbers of proteins described in the text a®P€N reading frame of 4311 bp that wasMOAT-C has two membrane-spanning
as follows: MOAT-B, AF071202; MRP, P33527; preceded by an in-frame stop codon lodomains, each of which is appended N-
CMOAT, U63970; YCFL1 (i.e., yeast cadmium resis-cated at position —93 and encoding a proterminal to an ATP-binding fold. Neither
tance factor 1), P39109; SUR (i.e., sulfonyl uregein of 1437 residues, which we desigMOAT-C nor MOAT-B has a hydropho-
receptor), Q09428; CFTR (i.e., cystic fibrosis ”_ans'laated MOAT-C. A cDNA encoding a bic extension of about 200 amino acids
membrane conductance regulator), P13569; an ! . . ” . . .
MDR1, P08183. partial peptide of MOAT-C (residuesthat is present in the organic anion trans-
RNA Blot Analysis 493-1438) was described recen{§2). porters MRP, cMOAT, MOAT-D, and
N ) The second sequence identified in our da¥CF1, as well as in the SUR, a related
Blots containing poly A RNA isolated from hu- opqe search (1.M.A.G.E. consortiumABC transporters that is not an organic
man tissues were purchased from Clontech Labora- . . . . .
tories, Inc., and hybridized with MOAT-C, MOAT- clone 208097) was 1.2 kb in length, ofanion pump. MOAT-C is distinguished
D, or actin cDNA probes, according to the Which 588 bp encoded an MRP-relatedrom MOAT-B, as well as from CFTR
manufacturer’s directions. peptide. A segment of this clone was usednd MDR1, by the presence of an N-
Chromosomal Localization as the initial probe to screen bacterioterminal hydrophilic extension of 88
Preparation of metaphase spreads from phytohd@nage libraries, and a total of about 5.2 klamino acids.
magglutinin-stimulated lymphocytes of a healthy fe-0f CDNA sequence was isolated. Nucleo- In contrast to MOAT-B and MOAT-C,
male donor and fluoresceniesitu hybridization to ~ tide sequence analysis revealed an opdtydrophobicity analysis of MOAT-D in-
chromosomes were carried out as previously deregding frame of 4581 bp, which wedicated that it has three membrane-
iﬂcéff_%(ig),\'mssei%r:eergj ir?fplt:semi';"opglz'ezcr?gt designated MOAT-D. An upstream inspanning domains (Fig. 1, B; Fig. 2, A).
were biotinylated by nick translation in a reaction{f@me stop codon was not present in th&imilar to MRP, cMOAT, YCF1, and
mixture containing g DNA, 20 uM each of de- CDNA clones, and attempts to obtain adSUR, MOAT-D has an additional hydro-
oxyadenosine triphosphate, deoxycytidine triphoselitional upstream sequences by RACHEhobic domain located at its N-terminus.
phate, and deoxyguanosine triphosphatgM de-  \ere unsuccessful. The most upstrearA 5 + 6 + 6 configuration of transmem-
?thgysrgldsln:m/r;\ah?phﬁer}ﬁsm.han:rSc;Htcole?ﬁgﬁé ATG, located at nucleotide position 6,brane-spanning helices has been propose
1% Y Qiotin_le_geoi’yuridineBtriphosp?,ate (Boeh-Was therefore designated as the putativier MRP, in which the N-terminal exten-
ringer Mannheim, Indianapolis, IN), 2 U DNA poly- translational initiation site. sion harbors five helices, and six helices

merase 1/deoxyribonuclease | (Life Technologies, . are present in both the second and third
Inc. [GIBCO BRL], Gaithersburg, MD), and water AnaIyS|s of MQAT'C' a”‘?' membrane-spanning domai(ﬁ% 25_27).
to a total volume of 5Q.L. The probe was denatured MOAT-D-Predicted Proteins Inspection of an alignmen,t of the

and hybridized overnight at 37 °C to chromosomes . . .
in theymetaphase Sprgadsl Hybridization sites were 1 YPical features of ABC transportersMOAT-D and MRP amino acid se-

detected by use of fluorescein-labeled avidin (Onwere present in the predicted MOAT-Cquences with the use of the GAP program
cor, Inc., Gaithersburg, MD) and amplified by ad-and MOAT-D proteins (Fig. 1, A; Fig. 1, indicated that proposed MRP transmem-
dition of anti-avidin antibody (Oncor, Inc.) and aB) The proteins were composed of hybrane segments were conserved in
zﬁfgggsmzrpzpg‘r‘;)t:srs]gev'vr;r':t::‘zljgte?‘s’t'gl';‘e dTVr\‘/ﬁﬂrophobic domains containing potentiaMOAT-D. This 5 + 6 + 6 model for
diamidino-2-phenylindole (DAPI) and observedtf@nsmembrane-spanning helicesteli- MOAT-D is shown in Fig. 1, B. An alter-
with a Zeiss Axiophot epifluorescence microscopecal stretches of about 20 nonpolar resinative configuration§ + 6 + 4) waspre-
equipped with a cooled charge coupled device canrdues) and two nucleotide-binding foldsdicted by use of a computer-assisted
era (Photometrics, Tucson, AZ) operated by a Mac(conserved hydrophilic domains of aboutnalysis. MRP has been reported to have
Ef;r Sig?;%te;n‘go;f;f‘etf;iang'ﬁzg w;geeia%f}SO—l?O amino acids that are present itwo N-linked glycosylation sites in its N-
tured, pseudo-colored, and merged by use of oncéil! ABC family transporters). Conservedterminus (Asn-19 and Asn-23) and an-
Image version 1.6 software. Walker A and B motifs, as well as con-other site located between the first and

served C motifs, the signature sequence second transmembrane-spanning helice:

RESuULTS

i ABC transporters, were present in theof its third membrane-spanning domain
Isolation of cDNAs of MOAT-C nucleotide-binding folds. Computer-(Asn-1006) (26). Potential N-terminal
and MOAT-D assisted analysi§l8) of potential trans- (Asn-18) and distal N-glycosylation

A BLAST search(21) of the EST da- membrane-spanning helices of MOAT-C(Asn-1006/1007) sites were conserved in
tabase revealed two clones with signifipredicted 12 transmembrane helices withnalogous positions in MOAT-D. Only
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A B
TML
1 MKDIDIGKEY 11PSPGYRSV RERTSTSGTH RDREDSKFRR TRPLECQDAL ETAARAECLS 1 MDALCGSGEL GSKFWDSNLS VHTENPDLTP CFQNSLLAWY BCIYLWVALP CYLLYLRHHC
M3
61 LDASMHSQLR ILDEEHPKGK YHHGLSALKP TRTTSKHQHP VDNAGLFSCM TFSWLSSLAR 61 RGYIILSHLS KLXMVLGVLL W’I(‘;:IZSWADLFY SFHGLVHGRA PAPVFFVTPL VVGVTMLLAT
M4 ™S
121 VAHKKGELSM EDVWSLSKHE SSDVNCRRLE RLWQEELNEV GPDAASLRRV VWIFCRTRLT 121 EIQYERLQG VOSSGVLIIF WFLCVVCAIV PFRSKILLAK AEGEISDPFR FTTFYIHFAL
M1 M2
181 LSIVCLMITQ LAGFSGPAFM VKHLLEYTQA TESNLQYSLL LVLGLLLTEI VRSWSLALTW 181 VLSALILACF REKPPFFSAK NVDPNPYPET SVGFLSRLFF WWFTKMAIYG YRHPLEEKDL
TM3
241 ALNYRTGVRL RGAILTMAFK KILKLKNIKE KSLCELINIC SNDGQRMFEA AAVGSLLAGG 241 WSLKEEDRSQ MVVOQLLEAW RKQEKQTARH KASAAPGKNA SGEDEVLLGA RPRPRKPSFL
TM4
301 PVVAILGMIY NVIILGPTGF LGSAVFILFY PAMMFASRLT AYFRRKCVARA 'I‘DSERVQKMNE 301 KALLATFGSS FLI?:{%F}(LI QDLLSFINPQ LLSILIRFIS NPMAPSWm
TM!
361 VLTYIKFIKM YAW“;TEQS VOKTREEERR TLEKAGYFQG TTVGVAPIVV VIASVVIFSV 361 MMOSLILOHY YHYIFVTGVK FRTGIMGVIY RKALVITNSY KRASTVGEIV NLMSVDAQRF
- M8 ™
421 HMTLGFDLTA AQAFTVVTVF NSMTFALKVT PFSVKSLSEA SVAVDRFKSL FLMEEVHMIK 421 MDLAPFLNLL WSAPLQIILA IYFLWONLGP SVLAGVAEMV iLIPLNGAVA VKMRAFQVKQ
481 NKPASPHIKI EMKNATLAWD SSHSSIQNSP KLTPKMKKDK RASRGKKERV RQLQRTEHQA 481 MKLKDSRIKL MSEILNGIKV LKLYAWEPSF LKQVEGIRQG ELQLLRTAAY LHTTTTFTWM
> NBFl TM10 TM11
541 VLAEQKGHLL LDSDERPSPE KEEGKHIHLG HLELQRTLHS IDLEIQEGKL VGICGSVGSG 541 CSPFLVTLIT LWVYVYVDPN NVLDAEKAFV SVSLFNILRL PLNMLPQLIS NLTQASVSLK
A
601 KISLISAILG QMILLEGSIA ISGTFAYVAQ QRWILNATLR DNILFGKEYD EERYNSVINS 601 RIQQFLSQEE LDPQSVERKT ISPGYAITIH SGTFTWAQDL pPTLHsl:.BDFxgzlvpKGALVAw
661 CCLRPDLAIL PSSDLTEIGE RGANI&%QR QRISLARALY SDRSI_YIB_LQD PLSALDABVG 661 GPVGCGKSSL VSALLGEMEK LEGKVHMKGS VAYVPQQAWI ONCTLQENVL FGKALNPKRY
NBF1
721 NHIFNSAIRK HLKSKTVLFV THQLQYLVDC DEVIFMKEGC ITERCTHEEL MNLNCDYATI 721 QQT:EACALL ADLEMLPGGD QTEIGEKGIN LSGGQRQRVS LARAVYSDAD IFLLDDPLSA
781 FNNLLIGETP PVEINSKKET SGS:;:SQDK GPXTGSVKXE KAVKPEEGQL VQLEEKGQGS 781 VDSHV}S(?{FI‘;‘I;;J/IGPEGVL AGKTRVLVTH GICSFLPQTDF IIVLADGQVS EMBGPYPALLQ
L]
841 VPWSVYGVYI QAAGGPLAFL VIMAL?::W GSTAFSTWWL SYWIKQGSGN TTVIRGNETS 841 RNGSFANFLC NYAPDEDQGH LEDSWIALEG AEDKEALLIE DTLSNHTDLT DNDPVTYVVQ
901 VSDSMKDNPH MQYYASIYAL SNAVHLILRA IRGWFVKTG;fg LRASSRLUDE LFRRILRSPM 901 KQFMRQLSAL SSDGEGQGRP VPRRHLGPSE KVQVTEAKAD GALTQEEKAA IGTVELSVFW
961 KFFDT::;PER ILNRFSKDMD EVDVRLPFQA EMFIQNVILV FFCVGMIAGY FPWFLVAVCP 961 DYAKAVGLCT TLA?(;iiYVG QSAAAIGANY WLSAWTNDAM ADSRQNNTSL RLGVYAALGI
TM13
1021 IVITFSVEHT VSRVLTRELK FOITASPR LSHITSSIAN LATIHAYNKS QEFTL:IR;OEL 1021 LQGFLVMLAR MAMAAGGIQA ARVLHQALLH NKIRSPQSFF DTTPSGRILN CFSKDIYVVD
1081 LDDNQAPFFL FTCAMRWLAV RLDLISIALI TTTGLMIVLM HGQIPPAYAG LAISYAVOLT 1081 EVLAPVILMI LNSFF:‘I}S;-T TVVIMASTPL FIVVILPLAV LYTLVQRFYA ATSRQLKRLE
1141 GLFQFTVRLA SETEARFTSV ERINHYIKTL SLEAPARIKN KAPSPDWPQE GEVTFENAEM 1141 SVSRSPIYSH FSETVIGASY IRAYNRSRDF EITSDTRVDA NQRSCYPYIT SNRWLSTGVE.
NBF2 ™16 ™17
1201 RYRENLPLVL KKVSFTIKPK EKIGIVGRTG SGKSSLGMAL FRLVELSGGC IKIDGVRISD 1201 TVGNCVVLFA ALFAVIGRSS LNPGLVGLSY SYSLOVTFAL NWMIRMMSDL ESNIVAVERY
A
1261 IGLADLRSKL SIIPQEPVLF SGIVRSNLDY FNQYTEDQLW DALERTHMKE CIAQLPLKLE 1261 KEYSKTETEA PWVVEGSRPP EGWPPRGEVE FRNYSVRYRP G{;Llﬁﬁz;is LHVHGGEKVG
1321 SEVMENGDNF SVGERQLLCI ARALLRHCKI LILDEATAAM DTE}!['BDFLZI:?ZE TIREAFADCT 1321 IVGRTGAGKS SMTLCLFRIL EAAKGEIRID GLNVADIGLH DLRSQLTITP QDPILFSGTL
C B iy
1381 MLTIAHRLHT VLGSDRIMVL AQGQVVEFDT PSVLLSNDSS RFYAMFAAAE NKVAVKG 1381 RMNLDPFGSY SEEDIWWALE LSHLHTFVSS QPAGLDFQCS EGGENLSVGQ RQLVCLARAL
NBF-2 C
1441 LRKSRILVLD EATAAIDLET DNLIQATIRT QFDTCTVLTI AHRLNTIMDY TRVLVLDKGV
B
1501 VAEFDSPANL IAARGIFYGM ARDAGLA

Fig. 1. Predicted structures of transporter proteins MOAT-C and MOATAP. glycosylation sites that are conserved with reported N-glycosylation sites i
Structure of MOAT-C.B) Structure of MOAT-D. Numbered overbars indicatemultidrug resistance-associated protein (MRP). The indicated MOAT-C trans
potential transmembrane (TM)-spanning helices (TM1-TM12 in MOAT-C anghembrane-spanning helices were predicted by use of the TMAP program and
TM1-TM17 in MOAT-D). Horizontal arrows indicate the positions of nucleo4input alignment of MOAT-B and MOAT-C. The indicated MOAT-D transmem-
tide-binding folds (NBF) (amino-terminak NBF1; carboxy-terminal=  brane helices are based on inspection of an alignment with MRP and hydropat
NBF2). Walker A and B motifs and the ABC transporter family signature senalysis with the use of the Kyte—Doolittle algorith(3iL).

quence C are underlined. Bullets indicate the positions of potential N-

the distal N-glycosylation site of MRP istity). Overall, MOAT-C was about sis of nucleotide-binding folds, MOAT-D
potentially conserved in MOAT-C (Asn- equally related to the other five transportwas much less related overall to
890) and MOAT-B (Asn-746/754)15). ers, with 33.1%—36.5% amino acid iden™MOAT-C and MOAT-B, with which it
The degree of relatedness of thdity. Aside from these transporters,shared only 33.1% and 35.3% identity,
nucleotide-binding folds of ABC trans- MOAT-C was most closely related to SUR,respectively. An alignment (Fig. 2, B) of
porters is considered to be an indicationvith which its first and second nucleotide-the amino acid sequences of the MOAT-C
of potential functional conservation.binding folds shared about 49%/51% idenand MOAT-D nucleotide-binding folds
Comparison of the predicted amino acidity, and the CFTR, with which its nucleo- with those of related transporters revealed
sequences of the nucleotide-binding folddde-binding folds shared about 44%/42%hat nucleotide-binding fold 1 of the
of MOAT-C and MOAT-D with other identity (data not shown in Table 1). MRP/cMOAT-related transporters is dis-
ABC transporters indicated that they were The nucleotide-binding folds of tinguished from that of SUR and MDR1
most closely related to those of the MRPMOAT-D were clearly most closely re- by the presence in the latter of 26 and 13
CMOAT subfamily transporters MRP, lated to those of MRP and cMOAT amino acid insertions, respectively. An
cMOAT, MOAT-B, and YCF1. As shown (67.3%-73.8%) but were slightly moreinsertion is also absent in CFTR.
in Table 1, the nucleotide-binding fold 1related to those of MRP. In contrast, the
of MOAT-C was about equally related tonucleotide-binding folds of MOAT-D Expression Pattern of MOAT-C and
MOAT-D, MRP, and cMOAT (57.3%— shared only 54.1%-57.3% identity withMOAT-D in Human Tissues
61.3% identity) and less similar tothose of MOAT-C and MOAT-B. Over-
MOAT-B (49.3% identity). The nucleo- all, MOAT-D was again most closely re- The tissue expression patterns of
tide-binding fold 2 of MOAT-C shared lated to MRP (57.6%) and cMOAT MOAT-C and MOAT-D were examined
about equal amino acid identity with thesg46.8%), but it was substantially more re-by RNA blot analysis. As shown in Fig. 3,
human transporters (56.9%-60.6% iderlated to MRP. Consistent with the analy-A (upper panels), a MOAT-C transcript of

Journal of the National Cancer Institute, Vol. 90, No. 22, November 18, 1998 REPORTS 17



A

HumMRP

Mot bt g b A gy

M Al otk B et

HumMOATC
o ko i A 4 'y “. PR ™ Fig. 2. Comparison of hydropathy profiles
and nucleotide-binding folds of transporter
HumMOATD - - proteins MOAT-C and MOAT-D with those
MMMWWAMW of related adenosine triphosphate-binding
cassette (ABC) transporterd) Comparison
HuMMOATB - - of hydropathy profiles. So that comparisons

could be faciliated, gaps were introduced at
the amino-termini of some proteins in order
to bring the first nucleotide-binding folds
into register. Nucleotide-binding folds are
indicated by bars. Peak heights above and
below the horizontal lines indicate hydro-

HumMOAT
phobic and hydrophilic regions, respectively.
WWWMW‘YL‘WM*M Hydrophobicity plots were generated by use
— e —_— of the Kyte—Doolittle algorithm(31) with a
window of seven residueB) Comparison of
WWMWWMM nucleotide-binding folds. The alignment was
HumSUR JR—— B generated with the use of the PILEUP com-

mand (gap weight 3.0; length weight 0.1) in
the Genetics Computer Group Package ver-
sion 9.1. Amino acid positions conserved in

HumCFTR at least four of the eight proteins are shaded.
WWWMWWAV‘WW Dotted areas indicate gaps in the alignment.
Walker A and B motifs and the ABC trans-
HumMDR1 porter family signature sequence C are indi-
W&WMMMMW cated by underbars. Hum human; Ysc=
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approximately 6.6 kb (at arrow) wasbrain, and low levels in most other tis-liver. MOAT-D (middle panels) was ex-
readily detected in several tissues, witlsues, including spleen, thymus, prostatgressed as an approximately 6-kb tran-
highest levels in skeletal muscle, intermeevary, and placenta. Prolonged exposurescript (at arrow). Compared with the
diate levels in kidney, testis, heart, andvere required for detection in lung andexpression pattern of MOAT-C,
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Table 1. Amino acid identity among MRP/cCMOAT subfamily members*

ization of the MOAT-D probe revealed

specific labeling at human chromosome

% identityt .
’ il band 17g21.3 (Fig. 3, B; lower panel).
MOAT-C MOAT-D MOAT-B MRP CMOAT YCF1 Fluorescent signals were detected on
MOAT-C — 33.1 36.5 35.8 36.2 33.6 chromosome 17q in each of 21 metaphase
— (57.3/56.9)  (49.3/59.1)  (60.0/59.4)  (61.3/60.6)  (46.7/58.83preads scored. Of 83 signals observed
MOAT-D 33.1 — 35.3 57.6 46.8 38.1 0 ; ;
(57.3/56.9) — (5530541)  (70.7738)  (673/70.0)  (s2.7/61.3p (41%0) were at 17¢21.3. Paired signals
MOAT-B 36.5 35.3 — 39.4 36.8 388  were seen only at band 17921.3.
(49.3/59.1)  (55.3/54.1) — (57.3/61.6)  (53.3/55.3)  (56.0/57.2)
MRP 35.8 57.6 39.4 — 48.4 404 DISCUSSION
(60.0/59.4)  (70.7/73.8)  (57.3/61.6) — (66.0/73.1)  (53.3/63.8)
cMOAT 36.2 46.8 36.8 48.4 — 38.8 . .
(61.3/60.6)  (67.3/70.0)  (53.3/55.3)  (66.0/73.1) — (s0.7/61.9) The isolation of MOAT-C and
YCF1 33.6 38.1 38.8 40.4 38.8 — MOAT-D cDNAs extends to five, the
(46.7/58.8)  (52.7/61.3)  (56.0/57.2)  (53.3/63.8)  (50.7/61.9) number of human MRP/cMOAT subfam-
*cMOAT = canalicular multispecific organic anionic transporter; MRP multidrug resistance- ily members for which full-length coding

associated protein; YCF#% yeast cadmium resistance factor 1. sequences are known. On the basis of the
tValues in columns= overall percent amino acid identity (percent identity of nucleotide-binding foldsdegree of amino acid similarity and over-
and 2, NBF1/NBF2). Percent identity was obtained by use of the GAP command in the GCG packagall topology, these proteins fall into two
groups. The first group is composed of
the MOAT-D expression pattern wasmined by fluorescence situ hybridiza- MOAT-D, MRP, and cMOAT. These
more restricted, with high transcript levelstion (Fig. 3, B). Hybridization of the three transporters are highly related, shar-
in the colon, pancreas, liver, and kidneyMOAT-C probe to spreads of human lym-ing about 47%-58% amino acid identity.
and lower levels in the small intestine,phocytes in metaphase revealed specifidOAT-D is more closely related to MRP
placenta, and prostate. Prolonged expdabeling at human chromosome bandabout 58% identity) than is cMOAT to
sures were required to detect MOAT-D in3g27 (upper panel). Fluorescent signalMRP (about 48% identity) and is thus the
the testis, thymus, spleen, and lung. were detected on chromosome 3q in eaatiosest known relative of MRP. This
o of 22 metaphase spreads scored. Of 7group of transporters also has in common
Chromosomal Localization of . y 3 N-terminal brane-spanning do-
MOAT-C and MOAT-D Genes S|g_nals obser\_/ed, 43 (57 o)_were.on @n N-terminal membrane-spa g do
Paired (on sister chromatids) signalsmain that is predicted to harbor approxi-
The MOAT-C and MOAT-D gene lo- which are indicative of the true target lo-mately five transmembrane helices. This
calizations on chromosomes were detercus, were seen only at band 3g27. HybridN-terminal extension is also present in

A
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Fig. 3. RNA Expression patterns and chromosomal localizations of MOAT-@anscript.B) Chromosomal localization of MOAT-C and MOAT-D genes. Bio-
and MOAT-D genesA) Tissue distribution of MOAT-C and MOAT-D gene tin-labeled MOAT-C(panel a) and MOAT-D (panel b) cDNA probes were
transcripts. Blots containing poly”ARNA prepared from various human tissueshybridized to human lymphocyte metaphase spreads and detected by fluoresc
were hybridized with complementary DNA (cDNA) probes of MOAT-C,isothiocyanate-conjugated avidin. Hybridization signals at chromosome 3927 i
MOAT-D, and actin. Arrows indicate the position of the MOAT{®p panel) two metaphase spreagisanel a) and chromosome 17g21.3 in two metaphase
and MOAT-D (middle panel)transcriptsBottom panel shows the control actin spreadgpanel b) are indicated by arrows.
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YCF1, a closely related transporter, andbut is also expressed in many other tissues  alicular multispecific organic anion transporter
SUR, a more distantly related protein in{15). In this study, we found that  (CMOAT) gene is overexpressed in cisplatin-
volved in the regulation of potassiumMOAT-D is predominantly expressed in Lf;:;:gt d:'u“gm::cucrizgi;;eg;:]”;sr ;’;’gsh 1‘;2'6_
channelg28). The second group of MRP/ the colon, pancreas, liver, and kidney. cg.4104 o ' '
cMOAT-related transporters is composed his pattern is distinct from that of MRP, (10) Buchler M, Konig J, Brom M, Kartenbeck J,
of MOAT-B and MOAT-C. Like MOAT- which is widely expressed29), and Spring H, Horie T, et al. cDNA cloning of the
D, MOAT-B and MOAT-C are more cMOAT, which is highly expressed inthe  hepatocyte canalicular isoform of the multi-
closely related to MRP (39.4% andliver but is also expressed in the kidney  drug resistance protein, cMrp, reveals a novel
35.8%, respectively) and cMOAT and small intesting10,11,30)In contrast, conjugate export pump deficient in hyperbili-

. . . . rubinemic mutant rats. J Biol Chem 1996;271:
(36.8% and 36.2%, respectively) than ttMOAT-C is expressed at highest levelsin = 15991 g
other human transporters. However, thegkeletal muscle, kidney, testis, heart, angi1) paulusma CC, Bosma PJ, Zaman GJ, Bakker
share considerably less similarity withbrain and is also expressed in most other CT, Otter M, Scheffer GL, et al. Congenital
MRP, cMOAT, and MOAT-D than the tissues but is barely detectable in the lung jaundice in rats with a mutation in a multidrug
latter three transporters share with eachnd liver. Further studies designed to de- ~ resistance-associated protein gene. Science
other. In addition, MOAT-B and fine the substrate specificities of thes 12) i%i?ﬁ’?(lj'en'_éi_smScheﬁerGL’ Scheper RJ,
MOAT-C do not have N-terminal mem- MRP/cMOAT-related transporters shoul van Eijk MJ, Juijn JA, et al. Analysis of ex-
brane-spanning domains, and their tohelp to elucidate their physiologic func- pression of cMOAT (MRP2), MRP3, MRP4,
pologies are therefore more similar taions as well as their possible contribu-  and MRP5, homologues of the multidrug resis-
those of many other eukaryotic ABCtions to cellular resistance to cytotoxic  tance-associated protein gene (MRP1), in hu-
transporters that also have only two memerugs and the pharmacokinetics of these ~Man cancer cell lines. Cancer Res 199757:
brane-spanning domains (e.g., MDR1 andgents.

3537-47.
(13) Koike K, Kawabe T, Tanaka T, Toh S, Uchi-
CFTR).

umi T, Wada M, et al. A canalicular multispe-
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